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Abstract 
 
The advancement of automotive fuel efficiency is vital to the continued sustainability of 
our society. One such aspect of improving fuel efficiency is the optimisation of auto-
electrical charging systems, which can be disabled during acceleration for gains of 1-5%. 
Several systems have already been developed for such a purpose, but to date, no design 
has fulfilled the need of an inexpensive aftermarket solution for older cars already in 
circulation. This project sought to fill this technological gap through the design of a 
simple, low-cost system that switched off the alternator during acceleration to save fuel, 
and could be retrofitted to older cars in an aftermarket or DIY (do-it-yourself) approach. 
A prototype system was built at a cost of AUD 69, using a microswitch on the accelerator 
pedal to trip a relay that disabled the alternator’s charging capability, with a low-voltage 
failsafe circuit included to maintain sufficient cranking voltage at all times. 
A 2002 Toyota Landcruiser and a 2000 Ford Laser were tested to measure the effect the 
system had on fuel efficiency, and the Ford Laser was also tested for battery wear as well 
as the system’s effect on acceleration power. The Landcruiser saw a 0.79% ± 6.11% 
increase in fuel efficiency, while the Laser reported an increase of 4.41% ± 5.29%. 
Battery wear testing of the Laser revealed no discernible battery degradation or declining 
trend in battery capacity, and the alternator governing system was found to theoretically 
give 3% better power to the Ford Laser during acceleration in urban environments. The 
project achieved its objectives of a feasible low cost, aftermarket system, with further 
streamlining of costs projected to reduce the cost-per-unit to AUD 32. 
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1. Introduction 
 
Modern day society places an unprecedented demand on energy (Hadjipaschalis, 
Poullikkas & Efthimiou 2009). A large proportion of this consumption can be attributed 
to infrastructure and transport, which is increasing on a daily basis. Pallaro et al. (2015) 
found that as of 2015, the automotive and transport sector was responsible for 14% of 
direct greenhouse gas emissions. Eurostat (2015) published statistics stating that 31% of 
European energy consumption was from the transport sector. This means that any 
improvements to energy efficiency in the automotive and transport sector have the 
potential to make a significant impact on global energy usage and greenhouse gas 
emissions. 
 
The area of personal transport is one of continual innovations and improvements. Aside 
from the importance of improving sustainability, the high cost of fossil fuels means that 
any improvement in automotive fuel efficiency is likely to be a popular, marketable idea 
due to the real dollars saved by the end user. 86% of the world’s personal transport is 
powered by either petroleum or diesel (National Academy of Sciences 2015), meaning 
the demand and willingness for improvements in the efficiency of petrol and diesel 
internal combustion engines is readily apparent.   
 
The automotive industry is gradually shifting away from fossil fuels, and towards hybrids 
and all-electric machines. This is a necessary shift, as fossil fuel reserves are rapidly 
depleting – one report by Shafiee and Topal (2009) estimates  that oil and gas will be 
significantly depleted by 2042. However, the amount of large-scale infrastructure 
required for the production, maintenance and refuelling of electric cars will take time to 
implement, which means that fossil fuelled cars are here to stay for the short-term. Over 
the next few decades, it will be vital to improve the efficiency of petrol, diesel and LPG 
cars so that the world’s reserves of fossil fuels are not exhausted before electric vehicles 
have been sufficiently developed. 
 
One area of automotive technology, which has recently been gaining more attention in 
terms of improvements to efficiency, is the auto-electrical system. Modern cars have 
more electrical circuits than ever before, including power-hungry circuits such as power 
steering, air conditioning, fuel and water pumps, catalytic converter heating, and electric 
brakes. These systems add up to a very large current draw on the alternator – in fact, 
estimates of the maximum current draw range between 2.2 kilowatts (Emadi 2005) and 
6 kilowatts (Edgar 1999) for small to medium passenger vehicles. 
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This increasingly high current draw of auto-electrical systems has a noticeable effect on 
vehicle fuel economy, with the auto-electrical system accounting for up to 5% of fuel 
consumption in modern passenger vehicles (Surampudi, Redfield & Ostrowski 2008). 
One approach to reducing fuel consumption in passenger cars is to reduce or remove the 
electrical load on the engine by disconnecting the alternator during acceleration, thereby 
forcing the auto-electrical system to load the engine only during deceleration periods. 
While Mazda, BMW, and several other car manufacturers have already developed such 
devices (Congress 2006), (Mazda 2011), they are built-in to their new cars and cannot be 
retrofitted to other cars, or even purchased as a stand-alone system. To date, no low-cost 
aftermarket system has been released to the market that can be installed on older cars 
already in circulation.  If such a device was available, small improvements to fuel 
efficiency could be realized across many more cars, extending the life of fossil fuels and 
potentially making a significant impact on global energy usage. 
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2. Objectives 
 
The purpose of this project was to examine methods of extending the fuel efficiency of 
passenger vehicles by decreasing or removing the electrical load on the engine during 
acceleration. In short, there were four objectives to this project: 
  
1. Develop a simple, low-cost system to save fuel by switching off the accelerator 
during acceleration, and possibly cruising. The parameters of ‘simple’ and ‘low 
cost’ were specified to take the approach of an aftermarket system that is simple 
to manufacture, with a priority towards improving the fuel consumption of cars 
already on the road, rather than new designs still in development. 
 
2. Design the system to maintain sufficient charge in the battery to operate the 
starter motor when needed. This was essential if the design was to be useable. 
 
3. Design the system to be compatible with older cars, particularly those not 
necessarily controlled by a computer. Achieving this objective would open the 
design up to a much broader range of cars, and would result in a much greater 
potential impact on global fossil fuel consumption and emissions. 
 
4. Design the system to be reversible - that is, able to be removed from the subject 
vehicle without any permanent changes. This objective clarified the approach of 
the project as an ‘aftermarket’ system, able to be easily installed with (ideally) no 
major modifications. Achieving this objective would also be an important ‘selling 
point’ for car owners, particularly the owners of the vehicles chosen to test the 
system in this project. 
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3. Literature Review 
 
The concept of deactivating an alternator during acceleration periods depended on several 
key circuits, which were extensively researched. Firstly, the broad layout of the auto-
electrical system, the design and operation of alternators, and the characteristics of 
automotive starter batteries were reviewed. Specific aspects of the project, such as 
accurate methods for detecting acceleration of the vehicle and reliable methods of 
deactivating the alternator, were then explored. In addition to this, an important part of 
the research was to investigate low voltage failsafe systems that could override the 
deactivation circuit, to ensure adequate cranking voltage at all times.  
 
To compare the alternator deactivation system against regular alternator charging as the 
manufacturer intended, reliable and accurate methods of measuring fuel consumption 
were researched, as well as the effect that similar systems have had on fuel efficiency. 
Finally, methods of monitoring the health of the battery were reviewed. 
 
 
3.1. Layout and Operation of the Auto-Electrical System 
 
Modern auto-electrical systems are incredibly complex, with dozens of circuits 
performing various duties such as the radio, power windows, windscreen wipers, engine 
management, headlights and many other functions. However, the majority of these 
circuits have no impact on the design of the starting and charging system, other than the 
amount of power they draw. Therefore, the information that is reviewed here will be 
restricted to the starting and charging system of a small to medium passenger car. In 
addition, many variations of the general layout have arisen as manufacturers strive to 
introduce their own improvements and unique systems. Therefore, this review will focus 
on the ‘standard’ electrical layout that is common to most passenger cars and generally 
used as a template for modern car design. 
 
The auto-electrical system has undergone relatively few major changes over the years. 
The two biggest evolutions of the auto-electrical system were the change from 6-volt to 
12-volt systems in the 1950’s (Kassis 2016) and the switch from DC generators to AC 
alternators. The heart of the auto-electrical system is the battery, which in a traditional 
modern petrol passenger car is a 12-volt lead-acid unit, typically rated to 300-500 cold 
cranking amps (CCA). Bolted to the battery’s positive terminal are generally three main 
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cables: the starter motor cable, the alternator cable and the fuse box cable (12 Volt Planet 
2015). The fuse box functions as a hub for all other electrical circuits in the car. The 
starter motor cable runs through the starter solenoid; when the ignition is turned, the 
solenoid completes the circuit to the starter motor. The alternator cable connects directly 
to the alternator’s output terminal and carries the current that charges the battery (Martin 
2005). Figure 3.1 illustrates the layout of the basic starting and charging system. 
 
 
Figure 3.1 - The starting and charging system of a car (12 Volt Planet, 2015). 
 
 
The negative terminal on the battery usually connects directly to the chassis of the car via 
a thick cable, capable of handling the entire current that the car could potentially draw. 
For better continuity, there is sometimes a second earthing cable bolted to the engine 
block, so that the entire chassis and engine block are earthed. This approach is used so 
that any electrical system in the car can simply be earthed to the nearest part of the 
chassis, rather than running an earth wire all the way back to the battery terminal (Martin 
2005). One important note is that a small number of cars are positively earthed, meaning 
the battery terminals are switched around so that positive terminal is earthed and the 
negative terminal is live (12 Volt Planet 2015). Such arrangements are rare but require 
specifically designed electrical circuits. 
 
The other two important circuits of the charging system are the field wire and the sense 
wire, which connect to the alternator F terminal and S terminal, respectively. The field 
wire, or ‘F wire’, supplies a small amount of current to energise the rotors, creating a 
magnetic field which enables electricity generation in the alternator. On older cars, the 
field wire often runs through an alternator warning light on the dash, before connecting to 
the ignition switch. This means the driver can be alerted if the alternator malfunctions 
(Martin 2005). 
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The sense wire, or ‘S wire’, generally connects to a point on the car’s electrical circuit 
that is far from the charging system, and is used by the voltage regulator to sense how 
much voltage is present at the farthest point. The voltage regulator can then compensate 
for this voltage drop by raising the voltage output from the alternator.  Sense wires were 
uncommon in older cars, but in modern cars are commonplace. 
 
On newer computer-controlled cars, the field and sense wires are often connected directly 
to the engine control unit (ECU), with the ECU controlling both current supply to the 
alternator rotors, and voltage sense for regulation. In this case, the wires can be identified 
either by consulting the workshop manual, or unplugging one wire at a time and 
monitoring alternator output voltage. 
 
 
3.2. Design and Operation of Automotive Alternators 
 
Automotive alternators are responsible for the generation of electricity in practically all 
vehicles using an internal combustion engine, and must be capable of powering all the 
relevant systems the vehicle requires during operation. Modern alternators found in road 
vehicles are rated according to standards – the most common two being ISO 8854 or 
SAE J 56, both of which rate the alternators in terms of how much current they can 
reliably produce at 13.5 volts (Laukkonen 2016). Both standards demand two ratings are 
provided – an idle output and a maximum output. Depending on the standard used, the 
idle output is measured either at 1500 rpm or at the engine’s idle speed, while the 
maximum output is always measured at 6000 rpm.  In modern passenger cars, factory-
fitted alternators are often rated to produce around 40-50 amps at 1500 rpm (Ani, 
Polinder & Ferreira 2014), and around 120-150 amps at 6000 rpm (Laukkonen 2016). 
 
Unlike the obsolete dynamo which generated direct current with poor efficiency, 
alternators efficiently generate three-phase alternating current, before converting to the 
direct current  used by the vehicle systems (Hewitt 2007). An alternator operates by 
spinning a rotor inside a large surrounding copper coil, called the stator (Wright 2014). 
The rotor consists of several copper coils, evenly spaced around the rotor’s central axle. 
The rotor’s coils carry an electrical current of a few amps, which generates a magnetic 
field in the rotor coils. The engine spins the rotor inside the stator, and the process of 
spinning the magnetic field around the copper coils of the stator produces a large amount 
of alternating current in the stator’s coils. The stator has three evenly spaced coils, which 
means the electricity produced is three phase alternating current (Gable 2014). For 
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integration into the direct current system of the car, the electricity is fed through 
rectifying diodes, which convert the alternating current into direct current. 
 
The final step is to run the electricity through a voltage regulator, which ensures that the 
alternator’s output remains at a consistent voltage (13.6-14 volts). The voltage regulator 
operates by varying the duty cycle of the pulse width modulated (PWM) voltage applied 
to the field winding (Ani, Polinder & Ferreira 2014), thereby limiting the voltage output. 
As discussed earlier, modern regulators often use a sense wire to sense voltage drop in the 
auto electrical system and compensate for this by regulating the voltage slightly higher. 
  
 
3.3. Characteristics of the Automotive Starter Battery 
 
The modern automotive lead-acid starter battery is designed to provide infrequent, high 
amperage discharges during starting conditions. At all other times, the battery is designed 
for steady, low to moderate output, while being continuously replenished by the alternator 
(Dell, Moseley & Rand 2014). Under these conditions, an automotive starter battery can 
be expected to last up to five years (Battery University 2013), (Dell, Moseley & Rand 
2014). However, in various applications with partial-state-of-charge (PSOC) operation 
and – at maximum – sporadic full recharge, lead-acid starter batteries suffer from rapid 
capacity loss and shorter lifetime compared with the real potential of the lead-acid 
technology (Sauer et al. 2007). This is due to PSOC operation causing the formation of 
lead sulphate crystals, which reduces the capacity of the battery. Battery performance can 
be redeemed through a full recharge process, but only to a limited extent (Sauer et al. 
2007).  
 
The lead-acid battery is particularly susceptible to insufficient charging and PSOC 
operation because of its limited ‘charge acceptance’. Charge acceptance is the capacity of 
the battery cell to be recharged, which in lead-acid starter batteries is only about 1kW 
(Dell, Moseley & Rand 2014). A potential solution to the charge acceptance limitation is 
the inclusion of a large capacitor, which can accept and store charge at a far greater rate 
than a lead-acid battery. Such a solution is what Mazda have implemented with their 
i-ELOOP concept (Mazda 2011). 
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3.4. Acceleration Detection 
 
In the context of an alternator governing system, ‘acceleration detection’ consisted of a 
component or components that could consistently and reliably detect a predetermined 
level of acceleration in the car, and produce some kind of output to be used as the trigger 
for deactivating the alternator. 
 
 In his patent application, Wasilewski (2005) proposed that the determining factor in the 
deactivation of the alternator should be the magnitude of crankshaft acceleration, 
measured against a preselected acceleration magnitude. Unfortunately, the author did not 
discuss any specific method of measuring acceleration. As such, Wasilewski’s patent was 
useful only for supporting the theory behind alternator governing systems. Of interest was 
that the invention described disconnecting the alternator only under heavy acceleration 
conditions, while under cruising and light acceleration the alternator would charge as 
normal. This conservative design would be a more robust safeguard against the battery 
losing charge. However, it would also offer less improvement on fuel consumption, and 
would involve a more complex design than disconnecting the alternator during any type 
of acceleration. 
 
Yoshida and Poland (1992) specified a method of sensing the engine’s acceleration 
conditions through the use of a vacuum switch, reading pressure in the intake manifold 
and switching the system at a predetermined pressure. The use of a pressure switch made 
the system quite versatile, as it could detect acceleration and load at specific optimum 
pressures. However, the vacuum switch also made the system an invasive installation, 
with drilling and tapping of the intake manifold a requirement in many engines. 
 
Asada (2008) designed a method of calculating vehicle acceleration from alternator 
speed, through the use of a specially developed algorithm using the inputs of vehicle and 
alternator speed. Asada (2008) claimed the algorithm achieved an accuracy of 88% and 
could be configured for both manual and automatic transmissions. The use of an 
algorithm to measure acceleration, compared to other methods uncovered from the 
research, was relatively non-invasive – however, it was not clear whether the sensors on 
the alternator could be retrofitted, or whether they would need a specially-built alternator. 
The algorithm would also enable more finely tuned control over when alternator output 
should be disabled, presuming it was accurate. The two major drawbacks of the system 
were the increased complexity of the design and the margin of error in the algorithm. 
Additionally, the algorithm was not applied with different transmission ratios, low range 
gearboxes, and other uncommon transmissions, making it impossible to determine the 
flexibility in these situations. 
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In another example, Mazda (2011)  used a switch on the accelerator pedal to bypass the 
alternator when the accelerator was depressed, and only let the alternator output voltage 
when the accelerator was lifted. The specific type of switch used in their system was not 
elaborated on, but the system could theoretically use any kind of momentary toggle 
switch acting on the accelerator pedal, such as an inexpensive momentary micro-switch 
available at electronics stores. This design was chosen for the acceleration detection 
system because it best fulfilled objectives 1 and 4 of the project of being a simple, low-
cost and reversible solution.  
 
 
3.5. Alternator Deactivation 
 
For an alternator governing system to be effective, deactivation of the alternator had to 
result in some level of reduction of the load placed on the engine, either through 
mechanical disconnection of the alternator pulley, electrical deactivation of the alternator 
to let it spin freely, or restriction of the alternator’s output to decrease the load on the 
engine. 
 
Yoshida and Poland (1992) detailed an improved engine load management system that 
de-excited the field coils of the alternator when the battery was above a minimum 
voltage, and when the car was accelerating or climbing. The alternator field coils 
normally carry a small current which generates a magnetic field, which in turn enables the 
alternator to produce electricity. In Yoshida’s and Poland’s design, during acceleration, 
the field coils were cyclically energized and de-energized in a fashion that permitted 
limited battery charging to occur, while still somewhat reducing alternator drag. The 
periods of charging were linear and inversely proportional to the charge of the battery 
(Yoshida & Poland 1992). During cruising and decelerating, the battery charged as 
normal. The choice to use cyclic charging of the battery rather than hard switching on and 
off indicated a conservative approach to charge management, which presumably reduced 
the benefit of the system. However, it also helped to reduce the wear on the battery and 
alternator, and guarantee sufficient battery voltage at all times. 
 
Mazda (2011) used a special variable-voltage alternator capable of producing up to 
25V DC, which charged an electric double-layer capacitor, rather than directly charging 
the battery. Mazda (2015) stated that a capacitor was used in this system because it could 
reach full charge in only 7 seconds, making it ideal for storing the electricity that was 
10 
 
generated during a short braking period. Battery life and regeneration potential were 
theoretically improved with this system. However, the concept did have several 
drawbacks. The variable-voltage alternator, capacitor, and DC/DC converter added 
9.3 kilograms to the car’s weight (Weissler 2013) as well as making the auto-electrical 
system considerably more complex. This reduced serviceability and meant that spare 
parts would likely by specialised and expensive. Such an arrangement also meant that the 
system must be built into the car, making an aftermarket setup difficult, intrusive and not 
generally viable. Therefore, the system was considered a useful technology to be included 
in new vehicle designs, but less appropriate as an aftermarket option. 
 
Montalto et al. (2012) described a programmed control module that sensed various 
conditions of the vehicle via the ECU, as well as sensing battery SOC. Using this 
information, the module regulated the alternator’s voltage output in an effort to reduce 
emissions and improve performance. Regulation of the alternator’s voltage output 
consisted of switching off the alternator during acceleration to maximise performance and 
managing the battery’s SOC through the use of an intelligent battery sensor. The 
alternator control module’s ability to manage practically every aspect of the charging 
system was noteworthy. The module accomplished this by interacting directly with the 
ECU through the LIN protocol, which gave it access to every system the ECU controlled 
(Montalto et al. 2012). However, this meant that the design excluded older cars that had 
no ECU, and made the system difficult to retrofit to existing vehicles. These two 
drawbacks were in contradiction of objectives 1 and 3 of the project, which meant 
Montalto’s design was of limited use. 
 
Wasilewski (2005) described placing the alternator in ‘freewheeling mode’ – electrically 
disconnecting the alternator, while leaving it mechanically connected to the engine. This 
was accomplished by breaking the alternator’s sensing wire, which would normally allow 
the regulator to sense the battery voltage and so regulate the current output of the 
alternator. In his patent, Wasilewski (2005) claimed that “in most alternator regulator 
systems, the lack of a voltage signal from the battery would cause the regulator to 
deactivate as a safety precaution”. This was a simple, effective method of deactivating the 
alternator, and while Wasilewski didn’t discuss the method of ‘breaking’ the sensing 
wire, such a step could be accomplished with a simple switch or automotive relay. This 
method of deactivating the alternator was chosen for the project because it matched 
objectives 1, 3 and 4 of being a simple, low cost, and reversible system that was 
compatible with older cars, even those not controlled by a computer. Mazda’s use of a 
capacitor that received charge from the alternator was noted for its potential for greater 
fuel savings and was logged as a possible future development of the alternator governing 
system. 
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3.6. Low Voltage Detection Systems 
 
To achieve Objective 2 of maintaining sufficient cranking voltage in the battery, a low-
voltage failsafe was essential. This consisted of some form of voltage switch to reactivate 
the alternator when the battery fell below a minimum acceptable voltage, regardless of 
acceleration conditions. Yoshida and Poland (1992) designed a low-voltage failsafe 
circuit using a comparator to compare the battery voltage against a reference voltage, and 
a circuit that would gradually bypass the switching system as the battery voltage fell, and 
specified that the minimum battery voltage at which the alternator would cease constant 
charge and begin cyclic charging was 11.9 volts. The system was considered universally 
compatible to any vehicle operating at 12V and using an alternator. However, the circuit 
was also quite complex and would have needed extensive development with much trial 
and error. 
 
Huang (2012) used a battery sensor to compute battery SOC from voltage, current and 
temperature signals, sending the relevant information to the Energy Management Unit via 
the LIN bus. This system was very comprehensive in assessing battery health and SOC, 
but the use of the LIN bus and a custom energy management unit made the system 
expensive and complex to engineer. 
 
Another method of low voltage detection is a DIY kit available for sale at Jaycar called 
the ‘Threshold Voltage Switch Kit’ (TVSK). It uses a comparator to monitor a voltage 
source and switches an on-board relay if the voltage crosses an adjustable threshold. The 
kit is highly adjustable – the threshold voltage can be set to either ‘too high’ or ‘too low’, 
and the circuit includes an adjustable hysteresis that stops the relay from switching back 
until it crosses a hysteresis voltage. The TVSK requires 5-24V DC to operate and can be 
powered by the signal voltage, making it compatible with any vehicle using a 12V battery 
(Jaycar 2016h). The PCB measures 107 x 61mm, making it a very compact option. 
Although relatively complex, the circuit is sold as a complete DIY kit with all the 
necessary components included – the user only has to solder the components onto the 
board, following the comprehensive instructions. A photo of the completed PCB is shown 
in Figure 3.2. 
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Figure 3.2 - The Threshold Voltage Switch Kit from Jaycar (Jaycar 2016h). 
 
 
The simplicity, versatility, and reliability of the TVSK made it the best choice for a low 
voltage detection system in the design of the alternator governing system, as it achieved 
objectives 1, 2 and 3 of the project. Yoshida and Poland’s low-voltage specification of 
11.9 volts was also noted as a good calibration point of the low voltage threshold on the 
TVSK, while Huang’s Energy Management Unit was deemed too expensive and complex 
to be worth pursuing in this project. 
 
 
3.7. Effectiveness of Existing Designs 
 
Huang (2012) stated that a regeneration system to capture kinetic energy during 
acceleration improved fuel efficiency by up to 2%, depending on engine capacity and 
electric load. BMW claimed that their intelligent alternator control, which switched off 
the alternator when accelerating and only charged the battery during coasting or braking,  
improved fuel economy by about 4% (Green Car Congress 2006). Asada (2008) stated 
that alternator charging management during acceleration would provide approximately 
1% improvement in fuel economy. Surampudi, Redfield and Ostrowski (2008) reported 
an improvement in fuel economy of 5.3% over the urban cycle when using a regenerative 
device to charge the battery during coasting and braking. Montalto et al. (2012) tested 
their programmed control module on both gasoline and diesel engines and achieved a 
reduction in fuel consumption of ‘about 2-3%’. Therefore, the expected improvement in 
fuel economy when using an alternator governing system was expected to be 1 - 5%, 
depending on the system, test standard, and test vehicle. 
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3.8. Fuel Consumption Measurement 
 
The Federal Government of Australia has strict legislation regarding the standard of 
testing for fuel consumption in new cars. This legislation was created to give an accurate 
comparison between new cars, and give consumers a fair choice. In 2008 the legislation 
was revised to document number F2012C00282, which was in force at the time of 
writing. This document, titled ‘Vehicle Standard (Australian Design Rule 81/02 - Fuel 
Consumption Labelling for Light Vehicles) 2008’, detailed the label that must be shown 
on new vehicles, as well as the specifications of measuring both emissions and fuel 
consumption (Federal Register of Legislation 2008).  
 
The standardised test for vehicles powered by an internal combustion engine is split into 
two phases – urban and extra-urban driving. The urban test cycle features a low average 
speed of 19 km/h, idle periods accounting for 30% of the time, and frequent stop/start 
events (Commonwealth of Australia 2016). This is designed to simulate driving in city 
traffic. The extra-urban test cycle, on the other hand, has a higher average speed of 
63 km/h, a peak speed of 120 km/h, and no stop time. This cycle is not meant to mimic 
the constant speed of a highway drive, but rather a variable high-speed simulation that is 
designed to approximate fuel consumption in real world situations (Commonwealth of 
Australia 2016). A diagram of the complete test cycle is shown in Figure 3.3. 
 
 
 
Figure 3.3 - Australian Fuel Consumption Test Cycle (Bass 2011). 
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The fuel consumption test cycle is performed on a chassis dynamometer, simulating real-
world conditions as closely as possible by calibrating the dynamometer to simulate 
aerodynamic drag and inertia (Bass 2011). During the test, any auxiliary devices required 
for normal operation of the vehicle are turned on, but unnecessary devices such as air-
conditioning are not activated. The standard specifies that the car should be filled with the 
manufacturer recommended lubricants and tyres, and filled with 95RON fuel 
(Commonwealth of Australia 2016). Throughout the test, the vehicle’s emissions are 
measured at the tailpipe, with an emissions analyser taking readings of hydrocarbons, 
carbon monoxide, and carbon dioxide. Average fuel consumption FC [L/100km] is then 
given by: 
 
 𝐹𝐹𝐹𝐹 =   0.1154
𝐷𝐷
 × [( 0.866 × 𝐻𝐻𝐹𝐹 ) + ( 0.429 × 𝐹𝐹𝐶𝐶 + ( 0.273 × 𝐹𝐹𝐶𝐶2 )] (3.1) 
 
Where   FC = Average fuel consumption [L/100km]; 
  D = density of fuel [kg/m3];  
  HC = hydrocarbon emissions [g/km]; 
  CO = carbon monoxide emissions [g/km]; and 
  CO2= carbon dioxide emissions [g/km]. 
 
Another method of measuring average fuel consumption in a car was through the OBDII 
(on-board diagnostic II) port. The OBDII port is a diagnostic port used by mechanics to 
communicate with the car’s ECU and troubleshoot faults in the auto-electrical system 
(Jaycar 2016g). In Australia, all cars manufactured or imported after 1 January 2006 must 
be OBDII compliant, meaning they must be fitted with an OBDII port and conform to 
standardised fault codes and sensor read-outs (Alex 2011). The result of the 
standardisation of OBDII means that cheap diagnostic readers are freely available in both 
wired and wireless format, the most common of which transmit the OBDII data to 
smartphones via Bluetooth, where a free mobile app such as ‘Torque’ can interpret the 
data. The transmitted data includes, among many other things, both instantaneous and 
average fuel consumption, calculated from the engine’s sensors. As well as interpreting 
the OBDII signals, ‘Torque’ is capable of capturing the data and logging it in a CSV 
(comma separated value) file, with logging intervals as frequent as 0.1 seconds. Bluetooth 
OBDII readers can be bought for as little as AUD 10, making this system a cheap and 
attractive option for measuring average fuel consumption. The accuracy of the recorded 
data is considered to be very good, as it comes from the same sensors the engine uses to 
control ignition timing, injector timing and many other critical aspects of the combustion 
process. However, the consistency of the data depends on how consistently the car is 
driven, so OBDII data logging should be used in a controlled test drive to be reliable. 
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A third option for measuring average fuel consumption was through odometer logging, 
which uses the distance travelled on each fuel tank to calculate average fuel consumption. 
In this method, odometer readings are taken every time the car is refuelled. At the same 
time, the fuel input was recorded from the readout on the petrol station bowser. From this 
data, average fuel consumption FC [L/100km] can be calculated by: 
 
 𝐹𝐹𝐹𝐹 =   𝐹𝐹
𝐷𝐷2 − 𝐷𝐷1  ×  100       (3.2) 
 
Where   FC = Average fuel consumption [L/100km]; 
  F = fuel input to the tank [L];  
  D2 = current odometer reading [km]; and 
  D1 = previous odometer reading [km]. 
 
This method requires the fuel tank to be filled to the same point each time, or it will not 
be accurate. A simple solution is to fill the tank to the brim and rely on the petrol 
bowser’s automatic cut-off to be consistently at the same point. However, there is still a 
margin of error with this method, because there is no guarantee that the cut-off point will 
be at exactly the same point each time, and any fuel spillage will still be recorded by the 
petrol bowser. Petrol bowsers in Australia are inspected for their accuracy and are built to 
a legal standard, with a margin of error of no more than 0.3% (National Measurement 
Institute 2009). However, the smallest volume accurately delivered from a petrol bowser 
is typically 2 litres, meaning at small quantities they cannot be relied on for perfect 
accuracy. Odometers are also governed by an Australian standard, and must record 
distance travelled to an accuracy of ±4% (Federal Register of Legislation 2006). This is a 
relatively large margin of error, and means that the odometer is not sufficiently accurate 
for measuring small variations in fuel consumption. 
 
The Australian Government’s fuel consumption test standard is a tightly controlled, 
accurate and consistent method of measuring the average fuel consumption of a car, and 
was chosen as the best method for measuring fuel consumption, especially for any short-
term tests. The OBDII data logging also offered accurate measurements, and was also 
considered for a long-term fuel consumption test. The method of odometer logging was a 
feasible option but was not chosen due to its limited accuracy. 
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3.9. Battery Health Measurement 
 
Repetitive charging and discharging of the automotive battery was likely to reduce the 
battery’s performance over time, even with a small voltage variation of 2 – 3 volts. To 
observe whether an alternator governing system would have any long-term impact on 
battery health and capacity, some method of testing battery health throughout the project 
was needed. Due to the scope of this project and the target audience of the design, the 
battery tests reviewed were applied specifically to lead-acid starter batteries used in small 
and medium passenger cars. 
 
Palanisamy (1990) described a microprocessor based battery status monitor, which took 
continuous measurements of battery current, voltage and temperature, and alternator 
output voltage. Using this data, the microprocessor determined the battery capacity, SOC 
and any fault conditions of the battery, and produced the results on a dashboard indicator 
in the vehicle. Collection of the battery’s current and temperature alongside voltage 
meant the microprocessor could accurately determine the SOC of the battery, and long-
term battery health could easily be logged externally. However, the system was quite 
complex and required programming of a microprocessor, as well as the installation of the 
battery sensors. 
 
Shin and Salman (2010) designed an algorithm to accurately monitor the health of 
automotive batteries, using the inputs of voltage, current and temperature of the battery, 
and taking measurements at every cranking event. This data was processed to extract 
battery health signatures such as SOC, cranking resistance, average cranking power and 
minimum voltage (Shin & Salman 2010). Each of these ‘cranking signatures’ gave some 
indication of the status of the battery, but any one signature on its own had a degree of 
uncertainty. To reduce this uncertainty, the algorithm effectively created a weighted 
decision matrix to produce a single report on the battery status, using each cranking 
signature’s indication as an entry in the matrix. The algorithm produced three possible 
reports for the driver – ‘good’, ‘charging’, and ‘replace’. Because of the thoroughness of 
the algorithm, Shin and Salman’s method was considered even more accurate and reliable 
than Palanisamy’s. On the other hand, replicating the system still required several sensors 
to be set up on the battery, and also required a large amount of programming and 
mathematical processing to reproduce the algorithm that was used. 
 
Gallego et al. (2001) tested a method of measuring battery health and SOC in which a 
small current was injected into the battery and a measurement was taken of the battery’s 
voltage. The ratio between the voltage measured and the injected current was the 
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battery’s impedance, which was then converted to a frequency using a microcontroller. 
The battery’s frequency gave an indication of the health and SOC of the battery. 
However, specially designed equipment was required for the test, and Gallego et al. 
(2001) found that other systems in the car, especially the alternator, introduced noise to 
the circuit which interfered with the results. Further testing and modification were needed 
to make the design more reliable and accurate, so the system wasn’t deemed appropriate 
to use in this project. 
 
A simpler method of measuring battery SOC and health is through the use of a battery 
load tester. A battery load test is commonly used to verify that the battery can deliver its 
specified power when needed (Woodbank Communications 2005). Load tests can be 
performed as a constant load equal to the cranking power of the battery, pulsed loads at 
higher current rates, or varying loads simulating a driving pattern (Woodbank 
Communications 2005), but the easiest method is to apply a heavy load to the battery for 
a set amount of time and monitor the final terminal voltage. This method is generally 
conceded to be a valid indication of overall battery condition (Champlin 1975). 
SAE International employs a similar standard for storage batteries, which dictates a 
CCA test of cooling the battery down to -18oC for 24 hours, at which time a discharge 
current equal to the battery’s CCA rating is applied. To pass, the voltage must stay above 
7.2 volts for 30 seconds (SAE 2016). If the test is not specifically judging CCA, the cool-
down period can be omitted and the test can be performed at a normal but consistent 
temperature. Battery load testers are cheap and easy to find, and offer a quick and simple 
method of testing battery health and SOC. One such example is the unit shown in 
Figure 3.4, available from JR Autofix for AUD 45. 
 
 
 
Figure 3.4 – The battery load tester from JR Autofix. 
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This load tester consists of a high current wire encased in a protective insulated box, with 
a heavy duty clamp at each end to connect to the battery terminals. When the tester is 
switched on, a circuit of extremely low resistance is made through the wire and a heavy 
load is placed on the battery. The test dictates that the load should be applied for 
10 seconds, measuring the battery terminal voltage via the built-in voltmeter at the end of 
that time. Table 3.1 shows the minimum voltage under load for a healthy 12-volt lead 
acid battery. 
 
 
Table 3.1 – Battery Load Test Minimum Voltage (Ciulla 2016) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For this project, the simplicity and accuracy of the battery load tester made it the best 
choice for measuring long-term battery health. The approach of microcontroller based 
voltage, current and temperature measurement were accurate and thorough, but too 
complex and time-intensive to implement compared to the simplicity of the battery load 
test. However, such methods of monitoring battery health may have a place in further 
development of the concept. 
 
Electrolyte 
Temperature (°F) 
Electrolyte 
Temperature (°C) 
Minimum Voltage 
Under LOAD (V) 
100° 37.8° 9.9 
90° 32.2° 9.8 
80° 26.7° 9.7 
70° 21.1° 9.6 
60° 15.6° 9.5 
50° 10.0° 9.4 
40° 4.4° 9.3 
30° -1.1° 9.1 
20° -6.7° 8.9 
10° -12.2° 8.7 
0° -17.8° 8.5 
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4. Methodology  
 
The project was carried out according to the following steps. This list did not strictly 
dictate the chronological steps, but rather the development process of the project. For 
instance, write-up of the initial chapters of the dissertation commenced before testing was 
completed. 
 
1. Literature review of the relevant material – methods of detecting acceleration, 
deactivating the alternator, low voltage detection systems, methods of measuring 
fuel consumption, and the effectiveness of existing systems were researched and 
reviewed. Appropriate testing and measurement methods based on the available 
literature and the feasibility of each method were selected. 
 
2. Design Selection –the design of the alternator governing device was selected and 
justified from the available literature, as well as engineering judgement. The 
design was matched to achieve the objectives of the project. 
 
3. Resource Gathering –the items needed for testing were obtained. 
 
a. Test vehicles –permission for use of three distinctly different cars to test 
the system was obtained. 
 
b. Measurement equipment – based on the chosen method of testing, any 
equipment needed to measure fuel consumption, battery wear, and any 
other relevant properties was obtained. 
 
c. Alternator governing device –parts were collected according to the 
design selection, and a prototype device was built. 
 
4. Testing –fuel efficiency, battery wear and any other relevant data from the test 
cars, with and without the device, was obtained using the most appropriate 
method of testing, as concluded in the literature review. 
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5. Data Analysis –the raw data was processed to see the results of the testing. 
 
a. Upload – the raw data was uploaded to a computer and entered into 
spreadsheets for processing. 
 
b. Process - the raw data was processed to obtain relevant information, 
including converting the data to a readable format and performing any 
necessary calculations to derive relevant values. 
 
c. Plots, tabulations, and statistical analysis were run on the data to 
obtain results and discussion points. 
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5. Design 
5.1. Acceleration Detection 
 
The use of a momentary switch was identified in the literature review as the best method 
for detecting acceleration in the car. The switch could act on the accelerator pedal, the 
brake pedal, or the throttle body in the engine bay. If acting on the accelerator pedal, it 
would be configured to disable charging when the accelerator pedal was pressed. If 
installed on the brake pedal, it would be configured to enable charging when the brake 
pedal was pressed. If installed on the throttle body, it could be configured to enable or 
disable charging at a certain point, depending on the throttle body design. 
 
Installing the switch on the throttle body would have been more convenient than 
installing a switch on either of the pedals, which supported Objective 1 of being a simple, 
aftermarket system. However, throttle bodies vary widely in design and layout, making it 
hard to develop a universal aftermarket system and negating the convenience advantage. 
In addition to this, electronic throttle controls are a growing trend in passenger vehicles 
(Pico 2016), which consist of fully contained, electronically controlled throttle bodies that 
are incompatible with an external acceleration switch. Therefore, acceleration detection 
via the throttle body was removed from further consideration due to potential 
compatibility issues. 
 
As brake and accelerator pedals are used universally in passenger cars, installation of the 
switch on either pedal would have equal compatibility and installation difficulty. 
However, the operation of the alternator disconnection system would vary in several key 
driving scenarios, depending on which pedal was used to detect acceleration. To assess 
the merits and limitations of using either configuration, several key driving scenarios 
were analysed for whether each pedal switch would function as desired in each particular 
scenario. The desired function of the pedal switch was to bypass the alternator when 
accelerating or when engine power was a priority (such as travelling up a steep hill, even 
if the car was losing speed), and enable charging from the alternator when coasting, 
braking or idling, or when deceleration was a priority (such as engine braking down a 
steep hill, even if the car was gaining speed). The scenarios and functions are summarised 
in Table 5.1. 
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Table 5.1 – Scenario Table Assessing Methods of Detecting Acceleration 
Driving Scenario 
Desired 
Function 
Function of Pedal Switch 
Accelerator Brake 
Idling, braked Charging Charging Charging 
Idling, not braking Charging Charging Bypassed 
Accelerating Bypassed Bypassed Bypassed 
Braking and slowing Charging Charging Charging 
Travelling down steep hill, braking, aiming 
to reduce speed but accelerating 
Charging Charging Charging 
Travelling down steep hill, engine braking, 
aiming to reduce speed but accelerating 
Charging Charging Bypassed 
Cruising at steady speed Bypassed Bypassed Bypassed 
Coasting without braking Charging Charging Bypassed 
Travelling up steep hill, not enough power, 
aiming to accelerate but slowing 
Bypassed Bypassed Bypassed 
 
 
As the table shows, detecting acceleration via the accelerator pedal resulted in the desired 
function of the charging system in every scenario. On the other hand, installation of the 
switch on the brake pedal resulted in an undesirable function of the charging system in 
three out of eight scenarios. Therefore, the accelerator pedal was selected as the best 
choice for detecting acceleration. 
 
Three types of switches were identified as candidates for the accelerator pedal switch: a 
miniature toggle switch, a pushbutton switch or a microswitch.  All three switches 
retailed for under AUD 5 at Jaycar, and all switches used either a single-pole, single-
throw (SPST) or a single-pole, double-throw (SPDT) design. The term ‘single-pole’ 
means the switch can carry a single circuit. ‘Single-throw’ means that the circuit is closed 
at one ‘throw’ and open at the other, whereas ‘double throw’ means the switch has a 
terminal for each ‘throw’ of the actuator. This is illustrated in Figure 5.1, with a 
comparison of the two switch designs. The double-throw circuit is much more versatile 
than the single-throw because it can be connected to either make or break the circuit when 
momentarily switched. Each single-throw switch, on the other hand, is built to do one or 
the other, but cannot do both. 
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Figure 5.1 - An SPST layout compared to the SPDT design. 
 
 
The miniature toggle switch is a small metal switch with a short metal toggle arm which 
can be produced with as many as four poles, and single or double throw. It has a threaded 
shaft and a nut which can be tightened to clamp the switch in place in a hole. An example 
is shown in Figure 5.2. 
 
 
 
Figure 5.2 - A miniature DPDT toggle switch (Jaycar 2016d). 
 
 
The toggle switch is advantageous because it is small, it has a momentary toggle circuit, 
and it can be produced in the versatile double-throw format. Unfortunately, that is the 
extent of its usefulness. The short arm and threaded mount make it difficult to install and 
an inflexible component when considering the range of vehicle designs that may be 
encountered. 
 
The pushbutton switch is very similar to the toggle switch, except that rather than a toggle 
arm, it uses a button to actuate the circuit. An example is shown in Figure 5.3. Like the 
toggle switch, it can be produced in a wide variety of formats, including the double-throw 
circuit. It is generally cheaper than the toggle switch but suffers all the same 
shortcomings. 
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Figure 5.3 - A miniature SPST pushbutton switch (Jaycar 2016a). 
 
 
The microswitch, shown in Figure 5.4, is a small, plastic switch with a long, malleable 
actuator. It is secured by screwing it down via a hole at either corner of the casing. 
Microswitches can have various electromechanical layouts but the most common, and 
most versatile, is an SPDT layout.  
 
 
 
Figure 5.4 - An SPDT microswitch (Jaycar 2015). 
 
 
In the context of an alternator governing system, there were two main advantages of the 
microswitch:  
 
1. The SPDT design made it very versatile, capable of being configured for a wide 
range of electrical setups, and 
2. The actuator arm was strong but malleable, meaning it could be bent into a wide 
variety of shapes and angles to accommodate different positions of the 
accelerator pedal, as well as different car designs.  
 
The second advantage was particularly important to the project, because it meant the 
alternator governing system would be much more universally compatible. For this reason, 
the microswitch was chosen as the method of detecting acceleration. Practically, the 
switch was designed to be secured at a point in the vehicle’s footwell where the action of 
the accelerator pedal would trip the switch at a predetermined amount of throttle. 
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5.2. Alternator Deactivation 
 
The method of breaking the sensing wire was identified in the literature review as the best 
way to deactivate the alternator’s output. On further investigation of various auto-
electrical systems, it was discovered that modern designs often run the field and sense 
wires directly from the alternator to the ECU, making the wires hard to distinguish 
without the aid of an electrical diagram. Furthermore, in many vehicles, the disconnection 
of either the field and sense wire deactivated the alternator’s output. Therefore, the 
alternator deactivation system used in this project was not restricted to using either the 
field or sense wire, but rather whichever wire was more suitable for each individual 
vehicle. 
 
The only feasible methods of breaking the field or sense wire were either by: 
 
1. Directly breaking the circuit by running the field or sense wire through the 
accelerator pedal switch, or  
2. Using a relay to break the alternator’s circuit and run the relay coil circuit 
through the pedal switch. 
 
The only two advantages of running the alternator circuit directly through the accelerator 
pedal switch were a slightly simpler electrical layout, and a small cost saving by omitting 
the relay. However, the cost savings were offset by the need for thicker wires and a 
higher current pedal switch. Using a relay meant that the pedal switch could be made 
smaller, as it didn’t have to carry the relatively high current of the field or sense circuit. It 
also meant that smaller and cheaper wires were needed to run a signal from the main 
alternator governing unit to the pedal switch, making the installation of the alternator 
governing system less conspicuous and cumbersome. On consideration, the use of a relay 
was a more desirable option for disconnecting the alternator. An electrical schematic of 
the alternator disconnection system is shown in Figure 5.5.  
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Figure 5.5 - The alternator deactivation circuit at zero throttle. 
 
 
An SPDT relay was used in the system so that the field/sense circuit could be wired to 
connect when the relay was unpowered. This was done as a safety measure so that if the 
alternator governing system lost power for any reason, the alternator would resume 
charging of the battery. An example SPDT relay used in the alternator governing system 
is shown in Figure 5.6. The pedal switch was configured to connect the relay coil circuit 
when the accelerator pedal was depressed, and break the circuit when the pedal was at 
zero throttle. 
 
 
 
Figure 5.6 - SPDT relay used to break the field/sense circuit (Jaycar 2016b). 
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5.3. Low-Voltage Failsafe 
 
The literature review identified the TVSK as the best method for detecting low battery 
voltage in the alternator governing system. Although Yoshida and Poland (1992) 
specified 11.9 volts as a minimum acceptable battery voltage, their justification for this 
voltage was unclear. Therefore, the guess-and-check method was relied on for finding the 
best minimum voltage and hysteresis point. As a starting value, the TVSK was initially 
calibrated with a low voltage threshold of 11.7 volts, and a hysteresis point of 12.6 volts.  
 
 
5.4. Driver Controls and Feedback 
 
For control of the relay governing system and feedback on its status, an override switch 
and status light were included in the circuit design. The override switch was an 
ON/OFF SPST type, which was placed in series with the accelerator pedal switch. An 
example switch is shown in Figure 5.7.  
 
 
 
Figure 5.7 - SPST ON/OFF override switch (Jaycar 2016f). 
 
 
Turning the override switch OFF broke the relay coil circuit and resumed charging of the 
battery, regardless of pedal operation. The status light was rewired from the relay LED on 
the TVSK circuit, and was a 5 mm unit with a bezel to assist in mounting the light. An 
example is shown in Figure 5.8. The LED was designed to light up whenever the 
alternator governing system disconnected the alternator. Both circuits are detailed in the 
electrical schematic (Figure 5.10). Both the override switch and status light were 
designed to be easily accessible by the driver. 
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Figure 5.8 - 5 mm LED with bezel (RPElectronics 2014). 
 
 
5.5. The Complete System 
 
The complete alternator governing system consisted of the main box containing the 
alternator deactivation relay and the TVSK, with external connections to a 12-volt power 
source, ground, both ends of the field/sense wire, the status light, and the pedal switch 
circuit. The 12-volt power source was designed to run off the ignition switch, so as not to 
drain battery power when the ignition was off. An inline fuse was included on the 12-volt 
ignition circuit to prevent any risk of fire or short-circuiting. The system was configured 
so that at zero throttle, the pedal switch was depressed and open, breaking the relay coil 
circuit and letting the alternator function normally. When the accelerator pedal was 
pressed, the pedal switch was released, closing the relay coil circuit and deactivating the 
alternator. The main alternator relay and TVSK were wired in parallel so that if the 
battery voltage fell below an acceptable minimum, the TVSK relay would engage and 
bypass the alternator relay. 
 
The enclosure chosen for the first prototype unit was a sealed polycarbonate enclosure 
from Jaycar. This was a spacious box 171 mm long, 121 mm wide and 55 mm tall that 
could accommodate all the parts and leave plenty of room for any calibration and 
troubleshooting. The box was also chosen because it had a transparent lid, which was 
useful in monitoring the operation of the circuit - especially any heat damage as the unit 
sat in the engine bay. To help secure the box in place during testing, two eye hooks were 
screwed to either side of the enclosure. Figure 5.9 shows some examples of the 
polycarbonate enclosure that was used. 
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Figure 5.9 - Sealed polycarbonate enclosures for the MKI prototype (Jaycar 2016c). 
 
 
A general layout of the complete relay-operated alternator governing system is shown in 
Figure 5.10, while a more detailed schematic of the system, including the full TVSK 
circuit, is given in Figure 5.11. Complete CAD drawings can be found in Appendix B, 
and comprehensive parts lists are located in Appendix C. 
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Figure 5.10 - General layout of the relay-operated alternator governing system. 
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Figure 5.11 - Complete schematic of the relay-operated alternator governing system, including details of the Threshold Voltage Switch Kit. 
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As well as a detailed schematic of the TVSK, Figure 5.11 also shows a small number of 
modifications that were made to the system in a revision of the design, designated MKII. 
The changes made in the MKII revision included moving the status light onto the unit 
itself, and changing the SPDT relay to an SPDT micro-relay. The choice to change the 
relay, as well as better use of space, meant a much smaller and cheaper UB3 jiffy box 
from Jaycar could be used, measuring only 130 mm long, 68 mm wide and 44 mm tall. 
The jiffy box was manufactured from ABS plastic and included mounting holes, which 
meant the eye hooks could also be omitted in the MKII revision. Figure 5.12 shows some 
examples of the jiffy box design. 
 
 
 
Figure 5.12 - Examples of the jiffy box used for the MKII prototype (Jaycar 2016e). 
 
 
5.6. Cost Analysis and Future Reduction 
 
The MK1 prototype box cost approximately AUD 71 to build, with the complete system 
(including pedal switch, override switch, bracket, and wiring) costing an additional 
AUD 18, for a total cost of AUD 89. The MK2 prototype was reduced to AUD 55 due to 
its smaller size and better selection of components, with the complete system costing 
AUD 69. Complete cost analyses can be found in Appendix D. 
 
The design has the potential for further reduction of costs. Assuming the parts for the 
MK2 prototype were purchased in bulk quantities (5 or more per order), the cost of the 
complete system could be reduced to approximately AUD 57. The TVSK could also be 
custom-built for a more streamlined low-voltage failsafe circuit, which would reduce the 
complexity of the system. However, this would not have any significant impact on the 
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cost; the projected cost of a MK3 prototype with a custom low-voltage failsafe is 
AUD 73 for the complete system, or AUD 56 if the parts were bulk ordered. An electrical 
schematic of the MK3 prototype is located in Appendix E, and a complete parts list with 
a cost breakdown of the MK3’s low-voltage failsafe can be found in Appendix C.  
 
The biggest potential for cost reduction would be to replace the TVSK altogether with a 
simpler and cheaper circuit. Towards the end of the project, a Chinese-made voltage 
control relay was identified, available on several online stores. A picture of the voltage 
control relay is shown in Figure 5.13.  
 
 
 
Figure 5.13 - Voltage Control Relay found on Ebay (Ebay 2016). 
 
 
Documentation was lacking, but preliminary research indicated that the circuit was able 
to switch a relay when the voltage fell below a threshold, and reset the relay when the 
voltage rose above a second threshold; if this were the case, the voltage control relay 
could be used in place of the TVSK, which would reduce the cost of the system to 
AUD 40. This configuration is listed as the MK4 unit in Appendix D.4. Table 5.2 
summarises the costs and projected costs of the alternator governing system’s different 
configurations. 
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Table 5.2 – Cost Analysis of the Alternator Governing System 
Revision 
Cost (box only) (AUD) Cost (complete system) (AUD) 
Single Unit Bulk ordered Single Unit Bulk Ordered 
MK1 71.30 61.60 89.00 74.30 
MK2 55.35 47.30 69.05 57.05 
MK3 (projected) 59.30 46.96 73.00 56.71 
MK4 (projected) 26.85 22.20 39.55 31.45 
 
Greatest Cost      Least Cost 
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6. Testing 
6.1. Risk Assessment 
 
Throughout the research project, a number of risks were identified and assessed. These 
fell into two categories: personal risks and project risks. Personal risks were identified as 
any potential harm that may have befallen the student during the project. Project risks 
were categorised as potential setback or failure in any stage of the project. The risks 
pertaining to each category are summarised in Tables 6.2 and 6.3, along with their 
appropriate risk level and mitigation strategy. The legend and categories of potential risks 
are explained in Table 6.1. 
 
 
Table 6.1 – Risk Legend and Categories 
 Risk Level Low Medium High 
     
  Minor or insignificant 
injury  
Moderate injury or 
setback 
Severe injury 
or death 
Li
ke
lih
oo
d 
of
 
oc
cu
rr
en
ce
 
Rare A1 B1 C1 
Unlikely A2 B2 C2 
Likely A3 B3 C3 
Near certain A4 B4 C4 
 
 
Table 6.2 – Personal Risks and Mitigation Strategies 
Hazard Risk Mitigation Strategy 
Wires caught in engine belt, fan 
or alternator  
A2-B3 
Plan electrical layout to avoid rotating parts, use 
cable ties to pull wires away from rotating parts 
Distracted while driving – 
crashing car 
A2-C3 
Perform important setup and calibration on 
straight roads with no traffic 
Soldering burns while assembling 
device 
A1 
Take care while using soldering iron and don’t 
rush the job 
Solder fume inhalation A3 Use a fan while soldering 
Electric shock while installing 
device 
A2-B2 
Make sure earth cable is disconnected from 
battery terminal while installing 
Burns while installing device A1 Make sure engine is cool before installing 
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Table 6.3 – Project Risks and Mitigation Strategies 
Hazard Risk Mitigation Strategy 
Delay in shipping parts – running 
out of time 
A2-B3 
Make sure any parts are ordered leaving time 
to accommodate any delays 
Circuits are damaged during 
assembly 
A2 
Take care, go slow, double check each step of 
assembly 
Component damage due to 
electrical short or other error 
B1-B2 
Place a fuse in the supply voltage circuit, check 
for continuity during assembly 
Electrical layout prohibitively 
complex or unsuitable 
A2-B2 
Choose test cars carefully, have backup cars 
available 
Device causes battery to run too 
flat to start 
B2-B3 
Supply portable jump starter to test cars. If 
battery is run flat, recharge and adjust voltage 
threshold to maintain necessary voltage 
Device damages electrical system 
of car 
B2-C2 
Use own car and explain risks to other owners 
– see below 
 
 
The test procedures of this project required that several test cars be modified to fit the 
alternator governing system, the invasiveness of which had not yet been fully determined. 
While avoiding permanent change to the subject vehicle was Objective 4 of the project, 
meeting this objective could not be guaranteed. Therefore, careful selection of the 
vehicles was essential, along with a comprehensive explanation to the owners of the 
possible risks and implications. To minimise the liability of the project, the researcher’s 
own car was selected for fuel consumption and battery wear testing. 
 
 
6.2. Construction of the Prototypes 
 
6.2.1. MK1 Prototype 
 
Construction of the prototype alternator governing device, designated MK1, began on the 
1st December 2015 with the assembly of the Threshold Voltage Switch Kit (TVSK), sold 
by Jaycar. Assembly of the TVSK consisted of soldering the electrical components to the 
predrilled PCB and calibrating the various trim pots on the completed circuit board. 
Documentation of the TVSK, including the parts list, assembly notes and calibration 
instructions, can be found in Appendix F. Once the TVSK was completed, the enclosure 
was prepared by drilling out the necessary holes for the terminal block and screws. Once 
the enclosure was ready, the TVSK, relay, and terminal block were screwed into place. 
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The final step in the construction of the prototype was to solder all the wire to the 
components to complete the electrical layout. The MK1 prototype was completed on the 
10th December 2015, and the total time taken for construction and calibration was roughly 
9 hours. A picture of the completed unit is shown in Figure 6.1. 
 
 
 
Figure 6.1 - The completed MK1 prototype. 
 
 
6.2.2. MK2 Prototype 
 
The MK2 prototype was constructed towards the end of the project, with the intention of 
installing it in the Hyundai Getz for testing. It was also built to test how compact the 
device could be made. In this revision, all three LEDs were retained in the box rather than 
running a signal to the dashboard. This was done because initial testing of the MK1 
prototype revealed that the dashboard status light was not useful enough to justify the 
extra installation time involved. The TVSK and miniature relay were glued to the interior 
of the box, rather than screwed. The MK2 prototype was an example of what a production 
version of the device could look like, and is shown in Figure 6.2.  
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Figure 6.2 - Interior and exterior views of the MK2 Prototype. 
 
 
Scale photographs of the two prototypes are shown in Figure 6.3, highlighting the size 
difference. The MK2 prototype was approximately one-third the volume of the MK1 
prototype. 
 
 
 
Figure 6.3 - Scale photos of the MK1 and MK2 prototypes. 
 
 
For installation of the accelerator pedal microswitch, an aluminium bracket 
approximately two inches long was cut and bent into shape with the microswitch attached 
at one end and an 8mm hole drilled in the other end. The hole was for bolting the bracket 
to the footwell of the subject vehicle; the intention was for the bracket to be ‘piggy-
backed’ to an existing bolt, where possible. The shape of the bend depended on the 
position of the microswitch relative to the accelerator pedal and the bolt point of the 
particular car. The ‘default’ configuration is shown in Figure 6.4.   
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Figure 6.4 – Default configuration of the accelerator pedal microswitch and bracket. 
 
 
6.3. Initial Testing 
 
For the initial testing of the concept and the performance of the prototype system, a 
2002 Toyota Landcruiser was used as it had a spacious engine bay and was easy to 
modify, making it ideal for testing of the design. The MK1 prototype was successfully 
installed in the engine bay of the Landcruiser with no complications, and for the most part 
achieved Objective 4 of needing no permanent alterations. A picture of the installed 
prototype is shown in Figure 6.5. 
 
 
 
Figure 6.5 - The Landcruiser's engine bay with the installed prototype. 
 
 
 
Location of the MK1 prototype 
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12-volt accessory and ground points were available to tap into, so the only permanent 
modification to the Landcruiser was cutting the alternator field wire and rerouting it 
through the alternator governing system. The accelerator pedal switch and bracket were 
bolted to the car by piggy-backing another bolt in the footwell of the vehicle, thereby 
avoiding permanent alteration and achieving Objective 4. The switch was positioned so 
that the accelerator pedal depressed the actuator at zero throttle, illustrated in Figure 6.6. 
As soon as any amount of acceleration was applied, the switch was released. 
 
 
 
Figure 6.6 – The accelerator pedal switch installed in the Landcruiser. 
 
 
For initial testing and verification of the design, a box was constructed to house various 
controls for the driver, as well as a voltage display to monitor battery voltage of the car. 
The box contained analogue and digital voltage displays, an LED status light showing 
when the alternator was disabled, and an override switch to turn the system off and 
resume charging of the battery at any time. Interior and exterior photos of the completed 
box are shown in Figure 6.7. The box was mounted on the dashboard of the Landcruiser 
for the duration of the test. 
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Figure 6.7 – Interior and exterior views of the feedback and status box used for the initial 
test in the Landcruiser. 
 
 
Fuel consumption measurement of the Landcruiser was carried out via the odometer 
logging method. While logging of the OBDII data would have been more accurate, time 
constraints meant that the Landcruiser had to be tested before the OBDII reader was 
available. Prior to installation of the relay-operated alternator governing system 
(ROAG system), every time the car was refuelled, the litres of fuel (according to the 
petrol bowser) and the car’s odometer reading were both recorded. This was carried out 
over a period of four weeks, after which the ROAG system was fitted. Once the 
ROAG system was verified to be operating correctly, data logging resumed for another 
five weeks. At the end of this time, average fuel consumption of the Landcruiser when 
using the ROAG system was calculated and compared to the average fuel consumption of 
the unmodified car. No other testing was conducted on the Landcruiser, as it was 
primarily a test of the alternator governing system’s correct operation. 
 
 
6.4. Fuel Consumption Comparison 
 
The primary fuel consumption testing was conducted on a 2000 Ford Laser because it 
matched Objective 3 of being an older car and its size meant it had the potential to see a 
relatively large benefit from the ROAG system. For testing of the Laser, the MK1 
prototype was installed in the engine bay but the feedback and status box was omitted, in 
favour of an override switch and status light built into the console of the car, shown in 
Figure 6.8.  
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Figure 6.8 – The override switch and status light (lower right) installed in the Laser. 
 
 
A digital voltage meter was also permanently installed in the dash of the Laser for general 
use as well as for feedback on the ROAG system. The Laser’s alternator plug used 
universal spade terminals, which meant the circuit could be rerouted through the 
ROAG system without any permanent modifications to the car’s electrical system. The 
setup is shown in Figure 6.9. 
 
 
 
Figure 6.9 - Rerouting of the alternator's field circuit. 
 
 
The accelerator pedal switch and bracket were able to be piggy-backed to an existing bolt 
in the footwell, shown in Figure 6.10. 
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Figure 6.10 - The accelerator pedal switch installed in the Laser. 
 
 
 The installation achieved Objective 4 of being fully reversible with no permanent 
alterations. As with the initial test, the switch was positioned to depress at zero throttle, 
meaning that with any amount of throttle application by the driver, the switch would be 
released and the alternator disconnected. 
 
 
6.4.1. Long-Term Average Test 
 
For the long-term average fuel consumption test, the Ford Laser was used. This car was 
chosen because it was owned by the researcher, and so the effects of the alternator 
governing system could be closely monitored while it was being used. The test consisted 
of installing the ROAG system and driving the car normally for a period of 20 weeks, 
periodically recording fuel consumption to gather the long-term average and the standard 
deviation of the fuel usage. The method of recording fuel consumption was through the 
odometer – the OBDII Bluetooth reader would have been a more accurate choice, but 
unfortunately, the Ford Laser was not equipped with an OBDII port. To achieve greater 
accuracy and generate enough data points to use statistical analysis, the car was refuelled 
weekly. To minimise error in the data, the car was refuelled at the same service station 
each week, using Shell V-Power 98 petrol for the duration of the test. At each refuelling, 
the car was filled until the bowser cut off the flow. After waiting for a couple of seconds, 
the trigger was again squeezed and the filling resumed until the bowser cut off the flow a 
second time. This helped to keep the refilling point consistent. 
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In the long-term average test, ‘driving the car normally’ meant using the car as daily 
transport to work, university and any other necessary destinations. During testing, the 
Laser was only driven in the city, plus weekly trips to a nearby suburb that involved 
26 km of highway travel (per round trip) at between 70 and 90 km/h. Whenever the car 
was needed for any sustained highway driving other than the above weekly trip, the fuel 
tank was refilled before and after, recording litres and kilometres so that the fuel 
consumption data wasn’t influenced by the lower fuel consumption from the highway 
driving. These extraordinary trips were not used in the fuel consumption calculations. Air 
conditioning was not restricted but was left up to the driver to operate for comfort, 
reflecting a real-world scenario of varied conditions and loads on the car. 
 
 
6.4.2. Short-Term Controlled Test 
 
For a reliable and definitive comparison of the difference the alternator governing system 
made to fuel consumption, it was desirable to run a short-term, controlled test which 
could gather highly accurate and consistent fuel consumption data. Several methods were 
attempted during the project, including those methods described in the literature review. 
 
The first method that was pursued was the Australian Fuel Consumption Standard for 
Light Vehicles, which required access to a chassis dynamometer and an exhaust gas 
analyser. Several chassis dynamometers were available in local performance vehicle 
workshops, which charged AUD 250 per hour to use. The government’s test standard 
dictated a 20 minute test cycle (Bass 2011), and would also need at least 15 minutes 
either side of the test to set up the car and remove it at the end. This meant that the use of 
a dynamometer would cost a minimum of AUD 300 for a single test comprising of a 
normal cycle and a cycle using the alternator governing system. In addition to the 
dynamometer, the government’s test standard required the use of an exhaust gas analyser 
capable of measuring hydrocarbons, carbon monoxide and carbon dioxide in grams per 
kilometre (Federal Register of Legislation 2008). The analysers used by performance 
workshops were only able to measure air/fuel ratio, so were unsuitable. The University of 
Southern Queensland had a number of exhaust gas analysers available for use, but they 
could only measure relative amounts of each type of gas – none of them were able to 
measure absolute quantities of gas or absolute flow rates. Therefore, they were unsuitable 
and the Australian fuel consumption test standard was not able to be pursued.   
Another option was to use a fuel station bowser to record fuel consumption, the same way 
it was used in the long-term average test. In a short-term controlled test, the variables 
would be more tightly restricted – air conditioning and other accessories would be fixed, 
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a planned route would be taken, acceleration would be regulated by keeping to a certain 
time to accelerate up to the speed limit, and the same petrol bowser would be used every 
time. However, because Australian petrol bowsers are not built to be accurate when 
delivering less than 2 litres of fuel (National Measurement Institute 2009), it was not 
feasible to use a petrol bowser to record fuel consumption. 
 
A third option for a short-term controlled test was to use an OBDII Bluetooth reader, 
paired with the mobile app ‘Torque’, to gather fuel consumption data. In this test, the 
vehicle would be restricted as outlined above and driven on a planned, consistent route, 
both with and without the alternator governing system. The advantage of the OBDII 
reader over the petrol bowser was that the OBDII reader could record accurate data 
regardless of the trip duration or the amount of fuel used. As stated previously, however, 
the Ford Laser was not equipped with an OBDII port, so this method was not able to be 
used and ultimately no short-term controlled test was able to be carried out. 
 
 
6.5. Power Comparison 
 
In addition to fuel consumption tests, a power comparison test was carried out on the 
Ford Laser to determine the amount of power used by the alternator during normal 
acceleration in urban environments, relative to the engine’s power output. This 
information was valuable for two reasons; the first was that a noticeable increase in 
available power during acceleration would give the alternator governing system another 
useful benefit aside from reducing fuel consumption. 
 
The second reason was that the results of the power comparison test would theoretically 
reflect the results of a fuel consumption test; therefore each test would validate the other. 
Wang (2015) has shown that the fuel conversion efficiency ηfc of a combustion engine 
can be expressed by: 
 
 
𝜂𝜂𝑓𝑓𝑓𝑓   =   𝑃𝑃𝐸𝐸?̇?𝑚  ×  𝑄𝑄𝐻𝐻𝐻𝐻        (6.1) 
 
Where   ηfc = fuel conversion efficiency; 
PE = Engine power output [W]; 
  ṁ = fuel mass flow rate [kg/s]; and 
  QHV = heating value of fuel [kJ/kg]. 
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From this equation, it can be seen that for a constant fuel conversion efficiency ηfc and 
fuel heating value QHV, if the alternator’s power draw is removed from the total engine 
power output, the fuel mass flow rate will decrease in proportion to the removed 
alternator load. The practical result of this correlation is that when the alternator is 
disconnected during acceleration, the power that the alternator would normally draw can 
be used either to: 
 
1. Increase engine power output (acceleration) for the same fuel consumption, or 
2. Decrease fuel consumption for the same engine power output.  
 
 
6.5.1. Average Power during Urban Acceleration 
 
Bedford (1996) has shown that during linear urban acceleration conditions, the engine’s 
power output PE [W] can be mathematically described by: 
 
𝑃𝑃𝐸𝐸  =  1𝑡𝑡2− 𝑡𝑡1  � 𝑚𝑚 ( 𝑣𝑣22 − 𝑣𝑣12 )2  �       (6.2) 
 
Where   PE = Engine power output [W]; 
  m = mass of the car [kg];  
  t2 = final time [s]; 
  t1 = initial time [s]; 
  v2 = final velocity of the car [m/s]; and 
  v1 = initial velocity of the car [m/s]. 
 
Therefore, if the car’s mass is known and the time the car takes to accelerate from rest to 
a known velocity is measured, the average power needed to accelerate the car from rest to 
the final velocity can be calculated. To find the average time the car took to accelerate in 
urban environments, the Laser was accelerated from rest to 60 km/h (16.67 m/s) 
nine times, with a stopwatch timing each run. The ROAG system and air conditioning 
were both turned off for this test, and the amount of throttle applied during acceleration 
was kept consistent with what would be applied in a typical urban take-off, for example 
accelerating from rest at traffic lights. It was found during testing that in urban driving, 
the nearby traffic forced the vehicle’s acceleration to be fairly consistent, and driving 
etiquette was a natural restraint both from accelerating too slowly and too quickly. After 
six runs, an average time was calculated from the recordings and used as a representation 
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of the average time a car takes to accelerate from rest to 60 km/h in light to moderate 
urban traffic. This value was used in Equation 6.2 to find average power output during 
normal urban acceleration. 
 
 
6.5.2. Alternator Output 
 
The output of the Laser’s alternator was measured as part of the power comparison, to 
gauge how much influence the alternator’s electrical load had on the power output of the 
engine. This was measured using a shunt resistor rated to 75 millivolts at 100 amps, with 
a resistance of 0.00075 ohms, shown in Figure 6.11. The shunt resistor was insulated 
using heat shrink and connected in series with the alternator’s main output cable. This 
setup can be seen in Figure 6.9. 
 
 
 
Figure 6.11 – The 100A shunt resistor, insulated with heat shrink. 
 
 
A multimeter was then connected to either side of the shunt and set to millivolts DC. The 
car was started and different combinations of electrical loads, including headlights, air 
conditioning, thermos fans and the rear demister, were applied to the car. With each 
different load scenario, readings were taken of the multimeter and the voltage meter in the 
Laser’s dash. A photo of the test setup is shown in Figure 6.12. 
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Figure 6.12 – The alternator output test, showing the multimeter and voltage meter (right-
hand digital display). 
 
 
Alternator output was measured with both a cold engine just after it was started, and a hot 
engine with the water temperature at a minimum of 600C. A total of 33 load scenarios 
were measured, including every commonly used combination of accessories. A 
comprehensive list of load scenarios, along with the corresponding voltage and amperage 
measurements, can be found in Appendix G.2.   
 
Once the shunt voltage and battery voltage had been recorded for each load scenario, the 
power output of the alternator PA [W] was calculated by: 
  
𝑃𝑃𝐴𝐴  =  𝑉𝑉𝐵𝐵 ×  � 𝑉𝑉𝑆𝑆𝑅𝑅𝑆𝑆 �        (6.3) 
 
Where   PA = Alternator power output [W]; 
  VB = Battery voltage [V];  
  VS = Shunt voltage [V]; and 
  RS = Shunt resistance [Ω]. 
 
The average power outputs of the engine and alternator could then be compared to find 
what percentage of power was drawn by the alternator during urban acceleration. Based 
on Equation 6.1, this percentage would theoretically correlate with the results of the 
practical fuel consumption test. 
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6.6. Battery Wear 
 
Battery wear was measured using a battery load tester. It was measured in the Ford Laser 
for the duration of the long-term average fuel consumption test, with measurements taken 
weekly. The battery load test was always performed when the car was cold, before it had 
been used that day. The battery was tested by clamping the load tester to the battery 
terminals and turning the switch on for approximately 10 seconds. At the end of that time, 
with the load tester still switched on, the battery voltage was recorded via the voltmeter 
on the load tester. During the test, all accessories were turned off and the key was not in 
the ignition. Each load test result was recorded alongside that week’s fuel consumption 
data log for future correlation and analysis. The test procedure is illustrated in 
Figure 6.13. 
 
 
 
Figure 6.13 - The battery wear test procedure, with the battery load tester off (left) and on 
(right). 
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6.7. Hyundai Getz Testing 
 
The third car that was planned to be tested for fuel consumption was a 2009 Hyundai 
Getz. However, when installation of the alternator governing system was attempted, it 
was found that the alternator’s output wasn’t affected by the disconnection of either field 
wire or sense wire, or even both. In fact, unplugging all the signal wires from the 
alternator and leaving only the main output wire to the battery yielded no change in 
battery voltage whatsoever. On examination of the Hyundai Getz shop manual, it was 
revealed that the Getz used an alternator with a built-in regulator that was internally 
connected to the alternator. This meant that the field and sense circuits were actually 
hard-wired into the alternator, and the external connector that was unplugged from the 
alternator was only a dummy circuit to the ECU (Hyundai 2002). Through this 
experiment, it was established that certain types of alternator were not compatible with 
the ROAG system. Due to the limited number of test cars and time available, it was 
impossible to determine whether other types of cars employed a self-regulating alternator. 
As such, this issue was put aside for further research and not pursued further in this 
project. 
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7. Results  
7.1. Initial Testing 
 
The odometer and petrol bowser logs of the Toyota Landcruiser produced two values of 
average fuel consumption during normal operation of the charging system, and three 
values of average fuel consumption when using the alternator governing system. 
Recordings of normal operation showed an average distance of 173.5 km and average 
fuel usage of 43.34 L per recording, while recordings of operation using the alternator 
governing system showed an average distance of 209 km and 51.35 L per recording. 
Using Equation 3.2, the mean fuel consumption was calculated to be 24.91 L/100km 
under normal operation, and 24.71 L/100km when using the alternator governing system. 
This equated to a fuel consumption improvement of approximately 0.79%. To understand 
the accuracy of the data, the standard deviation of the population σ was found using 
Equation 7.1 (De Veaux 2009): 
 
𝜎𝜎 =  �∑(𝑋𝑋−𝜇𝜇 )2
𝑛𝑛
        (7.1) 
 
Where   𝜎𝜎 = Population standard deviation; 
  X = individual data value;  
  µ = mean value of population; and 
  n = number of values in the population. 
 
Under normal operation, the data had a standard deviation of 1.36 L/100km, while fuel 
consumption when using the alternator governing system had a standard deviation of 
1.67 L/100km. This was equal to a relative standard deviation of 5.45% under normal 
operation and 6.76% when using the alternator governing system, with an average 
relative standard deviation of 6.11%. Relative standard deviation RSD was then 
calculated using Equation 7.2 (De Veaux 2009): 
 
𝑅𝑅𝑅𝑅𝑅𝑅 =   100 × 𝜎𝜎
𝜇𝜇
        (7.2) 
 
Where   𝜎𝜎 = Population standard deviation; 
  RSD = relative standard deviation [%]; and 
  µ = mean value of population. 
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The results of the Landcruiser fuel consumption test are summarised in Table 7.1, and a 
full data log can be found in Appendix H.1. 
 
 
Table 7.1 – Summary of Landcruiser Fuel Consumption Test\ 
 Normal Operation Alternator Governing System 
Number of recordings 2 3 
Average km per recording 173.5 209 
Average Litres per recording 43.34 51.35 
Average L/100km per recording 24.91 24.71 
Standard deviation (population) 1.36 1.67 
Relative standard deviation 5.45% 6.76% 
Fuel consumption improvement 0.79% 
Average relative standard deviation 6.11% 
 
 
7.2. Long-Term Average Fuel Consumption 
 
Fuel consumption logs of the Ford Laser during the long-term average test yielded nine 
values of fuel consumption during normal operation, and ten values using the alternator 
governing system. However, two of the alternator governing system values were recorded 
during the calibration process of the testing, and so were inaccurate figures and were 
therefore discarded from fuel consumption calculations. Average fuel consumption was 
calculated using Equation 3.2, population standard deviation was calculated using 
Equation 7.1, and relative standard deviation was calculated using Equation 7.2. A 
summary of the odometer and petrol bowser logs are given in Table 7.2 and a complete 
data log for the Ford Laser can be found in Appendix H.2. 
 
 
Table 7.2 – Summary of Ford Laser Fuel Consumption Test 
 Normal Operation Alternator Governing System 
Number of recordings 9 8 
Average km per recording 207.56 288.45 
Average Litres per recording 17.80 19.24 
Average L/100km per recording 8.63 8.24 
Standard deviation (population) 0.45 0.44 
Relative standard deviation 5.27% 5.31% 
Fuel consumption improvement 4.41% 
Average relative standard deviation 5.29% 
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Figure 7.1 gives a graphical representation of the fuel consumption comparison, with 
normal operation shown in blue, alternator governing system shown in red, standard 
deviation displayed as vertical bars and overall average fuel consumption for both normal 
and governed operations shown as horizontal lines.  
 
 
 
Figure 7.1 - Fuel consumption comparison with overall average and standard deviation. 
  
 
Figure 7.2 shows a timeline graph of the average fuel consumption throughout the Laser’s 
long-term test, with the shaded area designating periods of alternator governing and a 
two-point moving average trend line of the fuel consumption superimposed. The timeline 
graph gives an indication of any trends or patterns in the car’s fuel consumption.  
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Figure 7.2 - Timeline of average fuel consumption with two-point moving average. 
 
 
Figure 7.3 shows the long-term average fuel consumption when using the alternator 
governing system, in relation to the threshold voltage and hysteresis voltage of the 
TVSK. Note the several threshold and hysteresis voltage changes throughout the test 
which were made in an effort to find the optimum calibration point for the TVSK.  
 
 
 
Figure 7.3 - Average fuel consumption compared to threshold and hysteresis voltages. 
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7.3. Power Comparison 
 
The Ford Laser used for testing weighed 1205 kilograms including the driver (Zal 2016). 
The average power PE used by the Laser’s engine during urban acceleration was 
calculated using Equation 6.2 for nine time recordings. From this data, an average time of 
10.55 seconds was calculated, with an average power consumption of 15.86 kW. Using 
Equation 7.1, population standard deviation of the average power was calculated to be 
0.84 kW. Therefore, the average power required to accelerate the Laser from rest to 
60 km/h was 15.86 ± 0.84 kW. This data is presented in Table 7.3, and the raw data can 
be found in Appendix G.1. 
 
 
Table 7.3 – Summary of Ford Laser Power Output Test 
Number of recordings 9 
Mass of car (including driver) (kg) 1205 
Initial velocity (m/s) 0 
Final velocity (m/s) 16.67 
Average time (s) 10.55 
Average power consumption (kW) 15.86 
Population standard deviation (kW) 0.84 
Average power required for acceleration (kW) 15.86 ± 0.84 
 
 
The alternator output test yielded an average output of 481 watts, with a population 
standard deviation of 265.5 watts. On average, the alternator output when the engine was 
cold was 44 watts more than when the engine was hot, for comparable accessory loads. 
The data from the alternator output test is summarised in Table 7.4, and the full alternator 
output measurements can be found in Appendix G.2. 
 
 
Table 7.4 – Summary of Alternator Output Measurements 
Number of recordings 32 
Cold/hot output difference (W)  44 (cold was greater) 
Maximum output (W) 1188 
Minimum output (W) 101 
Standard deviation (population) (W) 256.5 
Average output (W) 481 
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Maximum alternator output was reached when the engine was cold and all accessories 
were turned on. This scenario may be encountered when driving at night in heavy rain, 
for example. Minimum alternator output was reached when the engine was hot and all 
accessories were turned off.   
 
 
7.4. Battery Load Test 
 
The battery load test yielded an average loaded battery voltage of 10.891 volts during 
normal operation, and an average loaded battery voltage of 10.856 volts when using the 
alternator governing system. This equated to a difference of 0.035 volts. The population 
standard deviation σ of the loaded voltage was calculated using Equation 7.1, and the 
relative standard deviation RSD was calculated using Equation 7.2. These results are 
summarised in Table 7.5., and a complete data log can be found in Appendix I. 
 
 
Table 7.5 – Summary of Battery Load Test 
 Normal Operation Alternator Governing System 
Number of recordings 11 9 
Average loaded voltage 10.891 V 10.856 V 
Standard deviation (population) 0.09 V 0.083 V 
Relative standard deviation 0.008 V 0.008 V 
Average relative standard deviation 0.008 V 
Voltage difference 0.035 V 
 
 
Figure 7.4 shows a timeline graph of the battery load test, with the shaded area 
designating periods of alternator governing and a two-point moving average trend line of 
the fuel consumption superimposed. The TVSK threshold voltage is also shown on the 
graph to compare against the battery load test results.  
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Figure 7.4 - Weekly battery load test compared to the threshold voltage. 
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8. Discussion 
8.1. Initial Testing 
 
The results from the initial fuel consumption comparison test of the Toyota Landcruiser 
showed that fuel efficiency was improved by 0.79%, though this was not significant, 
considering the margin of error (relative standard deviation) of the fuel logs was 6.11%. 
In addition to this error, the Federal Register of Legislation (2008) reported that 
odometers can have an acceptable margin of error of 4%, although this error was most 
likely not a significant variable in this test, being in the same car over a relatively short 
period of time. Also, petrol station bowsers have a margin of error of 0.3% (National 
Measurement Institute 2009), which influenced the results. Thus, variability in the 
experimental conditions was too high to determine if the result was significant. The 
results could have been improved with more recordings and a more tightly controlled test 
cycle, as five logs weren’t adequate for an accurate average result and the uncontrolled 
test cycle resulted in a large margin of error. Unfortunately, time and resource constraints 
prevented more thorough testing. 
 
Observational analysis when driving the Landcruiser and monitoring the battery voltage 
revealed that the car never dropped below 12 volts, even during prolonged acceleration 
with many accessories in use. This was most likely due to the large capacity of the 
Landcruiser’s electrical system, the vehicle being equipped with an 80 amp-hour cranking 
battery and a 100 amp-hour deep cycle battery operating in parallel. This meant that the 
car had a huge reserve capacity and the system’s SOC wasn’t substantially affected by the 
periodic disconnection of the alternator. This feature of the Landcruiser’s design was 
overlooked, and in retrospect, the car wasn’t a good choice for testing the alternator 
governing system. However, the test did fulfil the purpose of verifying the physical 
operation of the alternator governing system and demonstrated that the system wasn’t 
effective on this make and model of car. 
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8.2. Long-Term Average Fuel Consumption 
 
When testing the alternator governing system on the Ford Laser, it was quickly 
established that unlike the Landcruiser, the Laser’s electrical system did not have an 
excess of charge capacity. When driving with the alternator governing system in use, the 
battery reached the threshold voltage after several minutes without charge, and even more 
quickly when driving at night with the headlights turned on. This introduced an 
unforeseen phenomenon with the low-voltage failsafe – when the battery fell below the 
threshold voltage, the TVSK activated and bypassed the main relay, enabling battery 
charging. This was the desired outcome. However, as soon as the alternator was 
reactivated, it would output its regulated 14.2 volts, raising the system voltage above the 
hysteresis level and letting the TVSK deactivate. If the car was still accelerating, this 
meant the alternator would be immediately deactivated. However, at this point in time the 
battery had only received a tiny amount of charge from the alternator, which meant that 
when the alternator deactivated, the battery almost immediately fell below the threshold 
voltage again, triggering the TVSK to reactivate. This cycle would repeat for as long as 
the car was accelerating, until a period of coasting or braking was reached. Figure 8.1 
illustrates the charging cycle during a hypothetical driving scenario, drawn from 
observational analysis while driving the Ford Laser with the alternator governing system 
in use.  
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Figure 8.1 – Hypothetical driving scenario with the 'ping-pong' voltage phenomenon. 
 
 
The result of this ‘ping-pong’ phenomenon was insufficient charging in situations of 
prolonged, steady accelerator use, such as highway cruising. The effects of this on the 
battery are discussed in Section 8.4. In addition to insufficient charging, Figure 8.1 shows 
that when accelerating or cruising, the battery voltage dropped to the threshold voltage 
quickly enough that the stuttered charging phenomenon occurred for a large portion of the 
acceleration periods. This indicated that the alternator governing system wasn’t fulfilling 
its primary role of disconnecting the alternator during acceleration. Because of this, after 
two weeks of testing the alternator governing system, the accelerator pedal switch was 
recalibrated to disconnect the alternator only when accelerating or under heavy throttle, 
and to enable charging during cruising. This was accomplished through a trial and error 
process of adjusting the pedal switch until charging was enabled at any steady-speed 
condition on a level road or a slight incline. The switch was calibrated so that any further 
throttle application would disable charging; the revised charging cycle is illustrated in 
Figure 8.2. The recalibration of the accelerator pedal switch meant that the alternator 
governing system could fulfil its primary role of disconnecting the accelerator during 
acceleration, and ensured adequate battery charging in any driving scenario. However, it 
also meant that during steady-speed cruising and low-load acceleration (such as 
accelerating in first gear), the alternator continued to charge the battery, which reduced 
the potential for fuel savings. 
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Figure 8.2 - Revised charging cycle using the recalibrated accelerator pedal switch. 
 
 
The results of the long-term average fuel consumption test showed an apparent 4.41% 
improvement in fuel consumption in the Ford Laser. This value was within the 1-5% 
improvement that was expected from the research in Section 4.4. However, statistical 
analysis showed a 5.29% margin of error in the results, which was a large deviation 
relative to the reported improvement. This error was most likely due to the 0.3% margin 
of error in the petrol bowsers (National Measurement Institute 2009), and the 4% margin 
of error in the odometer (Federal Register of Legislation 2006). Another unquantified 
source of error was an inadequate restriction of the variables in the test – air conditioning 
and other accessories should have been regulated, and the large variation in driving 
conditions, such as traffic, prevented the test from achieving satisfactory accuracy.  
 
Acknowledging the limitations and need for further testing to verify the reduction in fuel 
consumption, the following impacts on fuel use and costs were determined. 
 
According to Compare the Market (2016), at the time of writing the average price of 
petrol in Toowoomba, Queensland was AUD 1.00 per litre. Using Equation 8.1 and the 
data gathered during the long-term fuel consumption test, the Ford Laser would cost 
approximately AUD 1113 per year in fuel under normal operation, or AUD 1063 when 
using the alternator governing system. This equates to a difference of AUD 50 per year, 
or 50 litres of petrol per year. This means that the MK2 alternator governing system 
would pay for itself in just over year, using bulk ordered parts. If the MK4 unit was used, 
the system would pay for itself in around nine months. This is only a preliminary estimate 
and does not account for mass production or labour costs. 
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𝐹𝐹𝑦𝑦 = 𝐷𝐷𝑟𝑟×𝑊𝑊𝑦𝑦100 × 𝐹𝐹𝐹𝐹 × 𝐹𝐹𝑓𝑓       (8.1) 
 
Where   Cy = Fuel cost per year [AUD/y]; 
  Dr = distance per weekly recording [km];  
  Wy = weeks per year; 
  FC = fuel consumption [L/100km]; 
  Cf = fuel cost per litre [AUD/L]; and 
 
According to the Australian Bureau of Statistics (2015), motor vehicles registered in 
Australia travelled a yearly average of 13,800 kilometres per vehicle in 2014. In the same 
year, the average rate of fuel consumption for passenger vehicles was 10.7 litres per 100 
kilometres. This meant that the average litres per year consumed per passenger car in 
Australia was 1476.6 litres per year per vehicle. Based on the results of the fuel 
consumption test, the alternator governing system would save an average of 65 litres per 
year per vehicle in Australia. While this is a small amount when applied to a single car, if 
even 10% of Australian passenger vehicles were to have an alternator governing system 
installed, the total average fuel savings would amount to approximately 87.3 megalitres 
of fuel per year, based on statistics of motor vehicle use in Australia, 2014 (Australian 
Bureau of Statistics 2015). This would be a substantial saving in fuel that would have a 
positive impact on the future of fossil fuels, as well as Australia’s contribution to 
greenhouse gas emissions. 
 
Figure 7.2 shows a dip in fuel consumption in the first several weeks of using the 
alternator governing system. This was subject to the same error margin mentioned above, 
but could also be attributed to the initial calibration of the accelerator pedal switch that is 
illustrated in Figure 8.1. The initial calibration point was not sustainable due to 
inadequate charging (discussed further in Section 8.4), which was unfortunate because the 
results suggested that the initial switch point yielded the best improvement in fuel 
consumption. Further development of the low-voltage failsafe circuit may rectify the 
inadequate charging, but such development is beyond the scope of this project. 
 
In general, the long-term test was not reliable as a sole measurement of fuel consumption. 
This was mainly due to uncontrolled variables in the test. For example, the timeline 
graphs in Figures 7.2 and 7.3 showed a slight dip in fuel consumption while the alternator 
governing system was in use, but this could simply have been a reflection of lower fuel 
consumption during winter, most likely due to less use of the air-conditioning system or 
denser air coming into the engine. A solution to this error would be to alternate testing by 
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enabling the ROAG system every second week, and disabling it every other week; this 
would ensure that data was evenly distributed throughout the year and would eliminate 
any error introduced by the climate or time of year. 
 
The main objective of the long-term fuel consumption test was to measure the 
effectiveness of the alternator governing system in a real-world scenario, which it 
achieved with a result of 4.41% improvement in fuel consumption. However, the amount 
of error made the result inconclusive, and the long-term test would require further 
analysis under controlled conditions to address the limitations in the experimental design. 
As discussed previously in Subsection 6.4.2, the short-term test was not able to be 
completed for this project, but this could be addressed in future work.  
 
 
8.3. Power Comparison 
 
During normal urban acceleration, the Ford Laser used an average of 15.86 ± 0.84 kW to 
accelerate from rest to 60 km/h. Comparing this value to the average alternator output of 
481 ± 256.5 watts showed that the electrical system drew 3% of the engine’s power 
output, with a standard deviation of 1.7%. This theoretical analysis indicates a small but 
noticeable improvement to the available acceleration power of the vehicle may exist, and 
observational analysis while driving the Laser revealed that the extra power had a similar 
impact on engine responsiveness as would be realised by disabling the air conditioning. 
Given the correlation between fuel consumption and engine power output discussed in 
Section 6.5, the results of the power comparison test were aligned with the results of the 
long-term average fuel consumption test. The 3 ± 1.7% power draw of the alternator was 
within one standard deviation of the 4.41 ± 5.29% improvement in fuel consumption 
when using the alternator governing system. 
 
One possible reason for the low improvement in fuel consumption in the Toyota 
Landcruiser was that the Landcruiser’s engine was very powerful relative to its electrical 
draw. The Landcruiser weighs 2615 kg without a driver (NRMA 2000), and in urban 
traffic scenarios accelerated to 60 km/h in approximately 15 seconds. Using Equation 6.2, 
the car’s engine used approximately 50 kW during acceleration. Ignoring the deep cycle 
battery equipped on the Landcruiser, and assuming the car drew a similar electrical load 
as the Ford Laser, the alternator would only draw 1% of the engine’s power output during 
acceleration. This figure is only an estimate, but illustrates what a small effect the 
alternator has on a large car such as the Landcruiser, and why the Landcruiser’s fuel 
consumption was improved by only 0.79% using the alternator governing system. 
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The power comparison test theoretically proved that disconnecting the alternator 
improved available engine power during acceleration, which, if proven through further 
testing, would be a useful and attractive benefit to drivers. It also corroborated the results 
of the long-term average fuel consumption test. The Ford Laser’s engine had a capacity of 
1.6 litres and produced 85 kW maximum power (Zal 2016), so was a very common size 
of car and gave a reasonable indication of the improvement the alternator governing 
system may give to other small cars.  
 
 
8.4. Battery Load Test 
 
The ‘ping-pong’ charging phenomenon described in Section 8.2, as well as the threshold 
and hysteresis calibration points, resulted in insufficient cranking voltage after only 
10 days of using the alternator governing system. This can be seen in Figure 7.4 in the 
third week of recording (22 May). The battery load test for that week returned a loaded 
voltage of only 10.3 volts, which was insufficient for starting the car and hence an 
unacceptable SOC. In response to this, the accelerator pedal switch was adjusted to 
rectify the problem (discussed fully in Section 8.2). After verifying that the battery was 
receiving sufficient charge from the alternator, the threshold voltage was adjusted in an 
effort to find a balance point between sufficient battery voltage and maximum fuel 
savings. The threshold voltage was finally set at 11.5 volts, which provided the maximum 
battery discharge time before the threshold voltage was reached, while not compromising 
the battery’s cranking capacity. At the same time, the hysteresis voltage was raised to 
maximise the charge that could be delivered to the battery during cyclic charging periods. 
The hysteresis voltage was finalised at 14 volts, as shown in Figure 7.3. The final revision 
of the alternator governing system’s charging cycle is illustrated below in Figure 8.3. 
 
 
65 
 
 
Figure 8.3 - Final revision of the charging cycle with revised threshold and hysteresis 
voltages. 
 
 
In calculating the average difference in loaded voltage, the first two weeks of the 
alternator governing system’s use were discarded, as the system was undergoing 
calibration and the load test results didn’t accurately reflect normal battery capacity. The 
results of the battery load test indicated that the alternator governing system reduced the 
capacity of the battery by an average of 0.035 volts, with a relative standard deviation of 
0.008 volts. This was a loaded voltage, which gave an indication of the sustained voltage 
the battery could output under a heavy load. 0.035 volts were considered to be 
insignificant to the SOC of the battery, and had no noticeable effect on the operation of 
the car or the electrical system. The extremely low deviation of 0.008 volts meant the data 
was consistent and reliable. 
 
The drop in battery voltage could have been due to the colder months of the year, rather 
than the effect of the alternator governing system. As mentioned in Section 8.2, staggered 
testing of the system would clarify this. Another possible cause for the drop in battery 
voltage could be varying electrical loads from week to week, but the restrictions of the 
concurrent fuel consumption test limited the variations in electrical loads. Whatever the 
cause of the reduced battery voltage, the variation was considered to have marginal to no 
impact on either the health of the battery or the operation of the auto-electrical system. 
 
A side-effect of the alternator governing system observed in the tests was a slight 
dimming of the headlights during acceleration, due to the alternator being disconnected. 
This was a concern, particularly when driving at night on a highway when the headlights 
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are the only source of light for the driver. The problem was partially remedied by the 
recalibration of the accelerator pedal switch to only disable the alternator during heavy 
acceleration, which meant that when driving at steady-speed the headlights were 
unaffected. The use of cruise control was also found to eliminate the problem, as it acted 
on the throttle body directly rather than the accelerator pedal. Despite this, dimming of 
the headlights was seen to be a potentially serious drawback to the system, and will need 
to be investigated in further work. One possible solution is to bypass the system when the 
headlights are operational. 
 
The most important sign of long-term battery degradation would be a steadily declining 
battery voltage during the alternator governing system’s use. It can be seen in Figure 7.4 
that no such trend occurred during the test in either the direct results or the moving 
average. This was attributed to correct calibration of the accelerator pedal switch and the 
threshold and hysteresis voltages. From the results, it was concluded that with correct 
calibration, the alternator governing system did not cause any degradation to the battery’s 
health or capacity. 
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9. Conclusion  
 
The project achieved Objective 1 of designing a simple and low-cost system. The final 
prototype was built at a cost of AUD 69 using exclusively off-the-shelf components from 
Jaycar, and was a much simpler system than anything found in the literature review. The 
cost analysis showed that with the bulk ordering of parts and no changes to the MK2 
design, the cost could be reduced to AUD 57. Based on current fuel prices, the 
preliminary cost analysis determined that the system could pay for itself in a little over a 
year due to fuel savings. 
 
Objective 2 of the project was to ‘design the system to maintain sufficient charge in the 
battery to operate the starter motor when needed.’ After some experimentation, the 
system was able to maintain sufficient cranking voltage in the battery for nine weeks, 
with no discernible degradation of battery health, and no trend of declining capacity. This 
fulfilled the project’s 2nd Objective and indicated that the system was feasible in the Ford 
Laser. 
 
Objective 3 of the project was to ‘design the system to be compatible with older cars, 
particularly those not necessarily controlled by a computer.’ This was also achieved, as 
the chosen design did not need to interact with the ECU or any other computer systems in 
the car and is therefore theoretically compatible with older cars, even those not controlled 
by a computer. 
 
The system was able to be made almost fully reversible; the few changes made to the test 
vehicles did not impact their operation and were only visible upon close inspection. This 
mostly achieved Objective 4 of the project, which was to ‘design the system to be 
reversible - that is, able to be removed from the subject vehicle without any permanent 
changes.’ Further testing would be needed to verify this on other cars. 
 
The results of the testing showed that the alternator governing system was not 
significantly effective in the Toyota Landcruiser, but in the Ford Laser reduced average 
fuel consumption by around 4.4%, albeit with a large margin of error. The results also 
showed that the alternator governing system theoretically increased available power 
during acceleration by 3% in a small car such as the Laser, with the only discernible 
drawback being a slight dimming of the headlights during acceleration. The Ford Laser 
used for testing is a very common size of car, and so the test gives a reasonable indication 
of what benefit the alternator governing system could have on other small to medium 
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cars. However, the system was found to be incompatible in an undetermined number of 
cars employing an internally-wired alternator, such as the Hyundai Getz. 
 
 
9.1. Further Work 
 
Throughout this project, several areas of potential further work were identified, relating 
both to improvements to the methods of testing and the design of the system.  
 
To verify the results of this project, the limitations of the testing procedures would need 
to be addressed. If a different car was chosen that used an OBDII port, a controlled test 
could be run with much more accurate measurements of fuel consumption. To eliminate 
the error introduced by a long-term test, a short, tightly controlled cycle, similar to the 
Australian Government’s test standard, would need to be used to reduce the standard 
deviation. Also, methods of testing for alternator wear would need to be pursued for 
greater understanding of the system’s long-term effects. Finally, the system would need 
to be installed and tested on a variety of other cars for a more comprehensive analysis of 
the benefits and limitations of the alternator governing system.  
 
The design of the relay-operated alternator governing system can be modified for 
potentially greater fuel savings. Currently, the system does not engage during low-load 
acceleration, which could be addressed with an accelerometer or delta frequency switch 
to either complement or replace the accelerator pedal switch, to broaden the system’s 
operational capability. The design could also be developed to deactivate the air 
conditioning system during acceleration, which would greatly increase the potential for 
fuel savings. The results of this project suggest that development of the alternator 
governing system to operate sustainably at cruising conditions would also further reduce 
fuel consumption. In terms of optimisation and further cost streamlining, the MK3 and 
MK4 designs are estimated to reduce the cost of materials of the system by up to half, as 
discussed in Section 6.6. Further work is needed to verify the labour costs and the 
potential for mass production of the design before its feasibility can be estimated. 
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Appendix A: Project Specification 
 
For:   Kendric Rendle-Short  
 
Title:   Alternator Interrupting Circuit for Improving Fuel Economy  
 
Major:  Mechanical engineering  
 
Supervisors: Chris Snook  
 
Enrolment:  ENG4111 – ONC S1, 2016  
ENG4112 – ONC S2, 2016  
 
Project Aim:  To design and test the effectiveness of a circuit which disconnects the 
alternator of a car during acceleration, with the aim of improving fuel 
economy by redirecting electrical loading to deceleration periods. 
 
Programme:  Issue A, 16th March 2016   
 
1. Research the design and operation of modern automotive battery charging 
systems, and determine the most appropriate method of interrupting an 
alternator’s electrical output. 
 
2. Gather accurate, real-world data for the average fuel consumption of three 
distinctly different cars. All three cars must be able to be modified with the 
alternator interrupting circuit. 
 
3. Design a circuit that disconnects the alternator’s output during acceleration, and 
reconnects the output when not accelerating. The circuit must include a backup 
system that overrides the circuit when the battery charge becomes insufficient for 
cranking. 
 
4. Install the circuit in the test cars, and gather data for average fuel consumption 
while using the device. Conditions and variables for this data-log must be the 
same or as similar as possible to the original data-log. 
 
5. Monitor the selected cars during testing for signs of increased wear on the battery 
and/or alternator. 
 
6. Compare the two sets of fuel efficiency data and draw a conclusion as to the 
effectiveness of the circuit. 
 
If time and resources permit:  
 
1. Design a similar circuit, to act on the air conditioning system of a car. 
 
2. Redesign the circuit to address any flaws or shortcomings in the original circuit 
design. 
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Appendix B: MK1 & MK2 CAD Drawings 
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 Appendix C: MK1, MK2 & MK3 Parts List 
MK1 Revision Notes (MK2) Revision Notes (MK3) MK3 Cost per part 
(AUD) 
MK3 Bulk Ordered Cost 
(AUD) Part Name On Schematic Quantity Value Description     
R2 2 100R Resistor 0.5W 1%     $0.14 $0.90 
 
2 1K0 Resistor 0.5W 1%   1 x 1K changed to 1K5 $0.14 $0.90 
 
3 3K3 Resistor 0.5W 1%   1 x 3K3 deleted $0.20 $1.20 
470K 1 470K Resistor 0.5W 1%     $0.08 $0.50 
VR1,VR3 2 100K 25 turn trimpot   Changed to 1 x 100K, 2 x 50K resistors  $0.20 $0.90 
VR2 1 1M 25 turn trimpot   Deleted     
 
1 1uF Electrolytic Capacitor 63V     $0.48 $0.29 
 
1 22uF Electrolytic Capacitor 16V     $0.30 $0.18 
 
1 100uF Electrolytic Capacitor 16V     $0.35 $0.21 
 
5 0.1uF Capacitor 100V     $1.50 $0.90 
LED1,LED2 2 
 
LED 3mm Red   1 x LED changed to Green $0.50 $0.36 
LED3 1 
 
LED 5mm Green Changed to onboard LED 3mm Green Deleted     
D3 1  400V 1A Diode 1N4004     $0.18 $0.10 
D4 1  40V 1A Diode Schottky 1N5819     $0.80 $0.44 
D1,D2 2 
 
Diode 1N4148     $0.24 $0.14 
ZD1 1  15V 1W Diode Zener 1N4744     $0.65 $0.46 
Q2 1 50V 800MA Transistor BC327     $0.48 $0.34 
Q1 1 50V 800MA Transistor BC337     $0.48 $0.34 
IC2 1 
 
IC LM7555 CMOS Timer DIP8     $2.15 $1.25 
IC1 1 
 
IC LMC6482AIN Dual CMOS OpAmp DIP8/0.3IN     $9.95 $6.95 
Q3 1 100V 33A Mosfet IRF540N     $5.95 $4.15 
REG1 1 3.3V5 VREG LM2936-3.3 U/LOW CURNT LDO     $4.35 $2.95 
CON1 2 P=5MM Terminal PCB Screw 2-way BLU   Deleted - hard wired     
CON2 2 P=5MM Terminal PCB Screw 3-way BLU   Deleted - hard wired     
PCB RELAY 1 12VDC Relay PCB 285R DPDT 2X5A@240VAC   Changed to PCB Relay SPST $4.45 $3.45 
30A RELAY 1 12VDC Relay Horn 30A SPDT  Changed to Micro Horn Relay 30A 24V  Changed to PCB Relay SPDT $4.45 $3.45 
PEDAL SWITCH 1 250V 5A Microswitch SPDT ON-ON 51.3mm     $3.75 $2.95 
OVERRIDE SWITCH 1 250V 2A SPST Standard Toggle Switch 12mm     $2.95 $2.30 
 
5 P=2.54MM Header SGL VRT 2way   Deleted     
 
1 P=2.54MM Header SGL VRT 3way   Deleted     
 
6 P=2.54MM Jumper Shunts   Deleted - hard wired     
 
2 
 
IC TIN/G 8 Pin Socket     $0.38 $0.30 
TP1,TP2,TP GND 3 0.9MM PCB Pin   Deleted     
 
1 
 
Threshold Voltage Switch PCB   Changed to custom PCB $4.95 $3.90 
 
1 M3X10MM Screw Phil R/HD SP     $1.95 $1.00 
 
2 2MM Eye hook Deleted       
 
1 M3 Nut SP     $0.50 $0.30 
Fuse 1 12V 10A Panel Mount Blade Fuse Holder     $3.95 $3.15 
 
1 
 
Terminal Barrier PCB w/ clear cover 6-way     $5.50 $4.30 
 
1 
 
Sealed Polycarbonate Enclosure 171 x 121 x 55mm Changed to Jiffy Box 130 x 67 x 44mm   $2.95 $2.30 
          Low-Voltage Failsafe Total Cost: $38.90 $31.11 
     
Total System Cost: $64.90 $50.86 
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Appendix D: MK1, MK2, MK3 & MK4 Cost Analysis 
 
 
All prices listed are in Australian dollars. 
 
   D.1.  MK1 System 
 
Part Description Quantity Cost Bulk Ordered Cost per Unit 
Threshold Voltage Switch Kit 1 $34.95 $31.45 
Automotive Relay 1 $5.95 $4.75 
Terminal Block 1 $5.50 $4.30 
Sealed Polycarbonate Enclosure 1 $19.95 $15.95 
Fuse and holder 1 $3.95 $3.15 
Override Switch 1 $5.95 $4.75 
Pedal Switch Bracket 1 $4.00 $3.00 
Pedal Switch 1 $3.75 $2.95 
Wiring 2m $4.00 $2.00 
Eye Hook 2 $1.00 $2.00 
    
Total (Box): 7 $71.30 $61.60 
Total (Other): 3 $17.70 $12.70 
Total (System): 10 $89.00 $74.30 
 
 
   D.2.  MK2 System 
 
Part Description Quantity Cost Bulk Ordered Cost per Unit 
Threshold Voltage Switch Kit 1 $34.95 $31.45 
Miniature Relay 1 $6.50 $4.95 
Terminal Block 1 $5.50 $4.30 
Jiffy box 1 $4.45 $3.45 
Fuse and holder 1 $3.95 $3.15 
Override Switch 1 $2.95 $2.30 
Pedal switch Bracket 1 $4.00 $3.00 
Pedal switch 1 $3.75 $2.95 
Wiring 2m $3.00 $1.50 
    
Total (Box): 5 $55.35 $47.30 
Total (Other): 3 $13.70 $9.75 
Total (System): 8 $69.05 $57.05 
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   D.3.  MK3 System (projected) 
 
Part Description Quantity Cost Bulk Ordered Cost per Unit 
Custom voltage failsafe* 1 $38.90 $31.11 
Miniature Relay 1 $6.50 $4.95 
Terminal Block 1 $5.50 $4.30 
Jiffy box 1 $4.45 $3.45 
Fuse and holder 1 $3.95 $3.15 
Override Switch 1 $2.95 $2.30 
Pedal switch Bracket 1 $4.00 $3.00 
Pedal switch 1 $3.75 $2.95 
Wiring 2m $3.00 $1.50 
    
Total (Box): 5 $59.30 $46.96 
Total (Other): 3 $13.70 $9.75 
Total (System): 8 $73.00 $56.71 
 
*See Appendix C: MK3 Parts List for details on custom voltage failsafe. 
 
 
   D.4.  MK4 System (projected) 
 
Part Description Quantity Cost Bulk Ordered Cost per Unit 
Voltage Control Relay 1 $10.00 $9.00 
PCB Relay 1 $4.45 $3.45 
Terminal Block 1 $5.50 $4.30 
Jiffy Box 1 $2.95 $2.30 
Fuse and holder 1 $3.95 $3.15 
Override Switch 1 $2.95 $2.30 
Pedal Switch Bracket 1 $4.00 $3.00 
Pedal Switch 1 $3.75 $2.95 
Wiring 2m $2.00 $1.00 
    
Total (Box): 5 $26.85 $22.20 
Total (Other): 3 $12.70 $9.25 
Total (System): 8 $39.55 $31.45 
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Appendix E: MK3 Electrical Schematic 
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Appendix F: Threshold Voltage Switch Documents 
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Appendix G: Power Comparison Data 
   G.1.  Power Output Test 
 
Mass of Car (kg): 1205 
Initial Velocity (m/s): 0 
Final Velocity (m/s): 16.67 
Run No. Time (s) Required Power (kW) 
1 11.0 15.23 
2 10.6 15.80 
3 11.1 15.08 
4 10.2 16.41 
5 10.4 16.10 
6 11.7 14.31 
7 10.2 16.41 
8 9.8 17.08 
9 10.0 16.74 
Total Average: 10.55 15.86 
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   G.2.  Alternator Output Measurements 
 
Shunt Specifications: 75mV @ 100A 
Resistance (Ohms): 0.00075 
Conditions Battery Voltage (V) 
Shunt Voltage 
(mV) 
Current 
(A) 
Watts 
(W) 
1. At rest, no key in ignition 12.3    
2. Cold, just started, no acc 14.3 16 21.3 305.1 
3. Cold, just started w/ headlights 14.2 17 22.7 321.9 
3a. Headlights, demister, fan on 14.2 37 49.3 700.5 
3b. Headlights, demister, fan off 14.2 25 33.3 473.3 
3c. Headlights, demister, radio, fan on 14.2 37 49.3 700.5 
3d. Headlights, demister, radio, fan off 14.2 25 33.3 473.3 
3e. Headlights, demister, radio, reversing 
light, fan on 14.1 39 52.0 733.2 
3f. Headlights, demister, radio, reversing 
light, fan off 14.1 27.5 36.7 517.0 
4. Cold, no headlights 14.3 8 10.7 152.5 
4a. demister, fan on 14.3 26 34.7 495.7 
4b. demister, fan off 14.3 15 20.0 286.0 
4c. demister, radio, fan on 14.3 27 36.0 514.8 
4d. demister, radio, fan off 14.3 16 21.3 305.1 
4e. Radio 14.3 6.3 8.4 120.1 
4f. Radio, cold A/C, fan on 14.3 20 26.7 381.3 
4g. Radio, cold A/C, fan off 14.3 8.3 11.1 158.3 
4h. Cold A/C, fan on 14.3 19 25.3 362.3 
4i. Cold A/C, fan off 14.3 7.6 10.1 144.9 
5. Warm (Water temp >60C) w/ headlights 14.3 15 20.0 286.0 
5a. Headlights, Heater, fan on 2 14.3 30 40.0 572.0 
5b. Headlights, Heater, fan on 1 14.3 28.2 37.6 537.7 
5c. Headlights, Cold A/C, fan on 2 14.3 30 40.0 572.0 
5d. Headlights, Cold A/C, fan on 1 14.3 28.2 37.6 537.7 
5e. Headlights, Cold A/C, radio, fan on 14.3 29 38.7 552.9 
5f. Headlights, Cold A/C, radio, fan off 14.3 17.5 23.3 333.7 
5g. Headlights, radio 14.3 15.6 20.8 297.4 
5h. Headlights 14.3 15 20.0 286.0 
5i. Everything off 14.3 5.3 7.1 101.1 
6. Warm (Water temp >70C) w/ everything     
6a. Headlights, full A/C, demister, radio 13.8 45 60.0 828.0 
6b. Headlights, full A/C, demister, radio @ 
3000RPM 14.2 47 62.7 889.9 
6c. Highbeams, full A/C, demister, radio 13.6 45 60.0 816.0 
6b. Highbeams, full A/C, demister, radio @ 
3000RPM 14.2 49 65.3 927.7 
7. Max Output (Cold, everything on) 13.9 64.1 85.5 1188.0 
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Appendix H: Fuel Consumption Data 
   H.1.  Toyota Landcruiser Test Log 
 
Week Normal operation/ ROAG system Litres 
ODO 
Reading 
Kilometres since 
Last Reading L/100 km 
1 normal - 225260 - - 
2 normal 47.81 225442 182 26.27 
3 normal 38.86 225607 165 23.55 
4 normal - 227698 - - 
5 ROAG system 51.03 227889 191 26.72 
6 ROAG system 52.95 228123 234 22.63 
7 ROAG system - 229201 - - 
8 ROAG system 50.08 229403 202 24.79 
 
 9 6  
 
   H.2.  Ford Laser Test Log 
Date ROAG system/Normal operation Litres ODO reading KM since last reading L/100km 
Threshold 
Voltage 
Hysteresis 
Voltage 
- normal - full tank refilled - 205282 - - - - 
- normal 33.55 205675 393 8.537 - - 
- Highway 39.27 206245 570 6.889 - - 
- normal 28.79 206572 327 8.804 - - 
8/5/16 Highway 21.04 206904 332 6.337 - - 
14/5/16 normal 17.95 207109 205 8.756 - - 
22/5/16 ROAG system – calibration period 9.65 207213 104 9.279 11.7 12.6 
29/5/16 ROAG system – calibration period 18.29 207423 210 8.710 11.7 12.6 
5/6/16 ROAG system 17.92 207656 233 7.691 11.7 12.6 
12/6/16 ROAG system 18.2 207889 233 7.811 11.7 12.6 
19/6/16 ROAG system 18.55 208119 230 8.065 11.7 12.6 
26/6/16 ROAG system 15.76 208302 183 8.612 12.0 14.2 
10/7/16 ROAG System - full tank refilled - 209172 870 - 12.0 14.2 
17/7/16 ROAG system 20.73 209419 247 8.393 11.5 14.0 
24/7/16 ROAG system 24.5 209708 289 8.478 11.5 14.0 
31/7/16 ROAG system 31.93 210080 372 8.583 11.5 14.0 
7/8/16 ROAG system 16.82 210282 202 8.327 11.5 14.0 
14/8/16 normal 17.09 210481 199 8.588 - - 
21/8/16 n - testing cut short due to highway driving 3.1 210516 35 8.857 - - 
26/8/16 n - data not recorded due to different fuel used - 210759 - - - - 
27/8/16 Highway 44.9 211402 643 6.983 - - 
4/9/16 n - data not recorded due to different fuel used - 212075 - - - - 
11/9/16 normal 17.87 212304 229 7.803 - - 
18/9/16 normal 14.05 212457 153 9.183 - - 
25/9/16 normal 14.21 212636 179 7.939 - - 
2/10/16 normal 13.56 212784 148 9.162 - - 
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Appendix I: Battery Load Data 
 
Date ROAG system/Normal operation Battery Load Test 
8/5/16 Highway 11.0 
14/5/16 normal 11.0 
22/5/16 ROAG system – calibration period 10.3 
29/5/16 ROAG system – calibration period 11.0 
5/6/16 ROAG system 10.8 
12/6/16 ROAG system 10.8 
19/6/16 ROAG system 10.9 
26/6/16 ROAG system 10.8 
10/7/16 ROAG System - full tank refilled 10.8 
17/7/16 ROAG system 11.0 
24/7/16 ROAG system 11.0 
31/7/16 ROAG system 10.8 
7/8/16 ROAG system 10.8 
14/8/16 normal 10.9 
21/8/16 n - testing cut short due to highway driving 10.9 
26/8/16 n - data not recorded due to different fuel used 10.9 
27/8/16 Highway 10.9 
4/9/16 n - data not recorded due to different fuel used 10.8 
11/9/16 normal 10.7 
18/9/16 normal 10.8 
25/9/16 normal 10.9 
2/10/16 normal 11.0 
 
